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THE PEYSICAL AND CHEMICAL NATURE OF A CARAMEL COLOR

" The Coca-Cola Company
Unpublished, 1953

‘A typical ammonia-sulfur dioxide caramel was found té
contain 67.2 percent solids and 32.8 percent water. The ash
content is of the order of 0.7 to 0.8 percent, the sulfur

and nltrogen analjs1s on the well~polymerlzed fractions gives

1.05 and 1. 72 respectively, or-a sulfur to nitrogen percent

’ratio of 0.61. The reducing properties of the whole caramel

are approximately 66.5 percent dextrosé equivalents, while
the highly polymerized portion is 37 percent dextrose equiva-
lent on a dry weight basis. Alkali fusion indicates no sulfide-

sulfur or primary amine.

The physical ?ro?erties of .caramel have been investigated
by detefmining the .molecular weights of important fractions,
by‘neasurihg the properties of caramel in aqueous dispersion,
and by determining the characterlstlc chemical group present
which can produce ionization at several points in the full
pH rénge. A number of different instrumental approaches

to the properties of caramel have been made.
The molecular weights have been determined by measuring

directly the diffusion coefficients of certain specific

fractions of caramel fractionated by precipitation with
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ethyl élcphpl. From these diffusion constants and the

Einstein equation, molar volumes can be calculated with the

"use of the measured partial specific volume. The molecular
weights. of the several fractions have been calculated both

“on the assumption that zero hydratidn and that 40 percent .

hydration takes place in the caramel molecule in agqueous
solutions. According to these methods, the average molecular

weights for 28 percenf of caramel is 78,000, with 40 percent

‘hydration; the average molecular weight is about 10,000

 'for 18 percent of the sampie; about 5,000 for 23 percent;

and the remainder of the caramel has a molecular weight of

the order of 500. The molecular weight for 0.7 percent of

. caramel has been found by a very high speed centrifuge tech-

--nique as being greater than about l-million. Dialysis gives

75 percent dialysate, and therefore, 25 percent of the caramel
hés‘a ﬁolecular wéight which is 1érger than 12,000. Freezing-
point lowering on dialyzed materials gives very low molecular
weights, in general, but gfeater than 2,000 have been found.

All of these measurements indicate that caramel is a relatively

“highly;polymerized molecule, and some portions contain thou-

sands of simple sugar units.
The visible spectra have been obtained, and at 500mp,
the coloring powefs for all the polymerized materials are

equivalent on a per gram basis. The ultraviolet and infrared
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'_Spectra have been determined and indicate large amounts of

OH, no carbényl,,titratable OH groups probably of a conjugated

'.structure, and possibly the presence of ether groups; all

- of which are consistent w1th our knowledge of the chem1ca1

structure.

The intrinsic viscosities have been measured on frac-

tionated and dialyzed caramels and indicate that caramel is

. primarily spherical in nature and has the property of a

dlspersed polyelectrolyte, whose solublllty in water depends

upon the hydration of ionized polar groups.

-The acid-base titration curve and the dilutions curve -

" for caramel have been determined and indicate the presence

of four definite reactions for which tentative structural

" interpretations have been made. The pK's of these reactions

are 3.6, 6.1, 9.0, and 11.2, correspondlng respectlvely to

the sulfonic acid ionization, the quaternary ammonium ioniza-

-

tion, the secondary amine dissociation, and, finally, the OH
dissociation-ionization, respectively. The quantities of
these-materials present indicate that 70 pereent of the sulfur
is in the form of a titratable group, presumably the sul-
fonate group, while only 12 percent of the nitrogen present

is in the form of .a secondary amine. Apparently of the order

(4
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negative sulfonate ion and the positive quaternary nitrogen
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. of one OH group. is prgsent»per 6 carbons, and a formula

weight of ‘130 is found with CgH50, (OH) (8-0430-073) (N1 6H 36)

" where the sulfonate replaces an OH, and the secondary amine

replaces an ether bridge. The dilution curve gives PK; slightly

‘greater than 3.6 and near 4.0. The two methods, however, -

essentially substantiate each other. From these results,
the isoelectric point for caramel number 1 in the low pH

region is 4.9, at which point there are equal amounts of the

ion. In the region of pH % 2.0, the positive quaternary
ion is present, while nearly all of the sulfonate ion has

been transformed to the ionized acid form.
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. A 4RE_\7IEW ON. THE FORMATION OF CARAMEL COLORS
' The Sethness Products Co.
Unpublished, 1956

e

| Caramel colors made frorr; greens or rgfiﬁqd sugafs will have
. the follow‘ing coloring matters (726): |
| "A. Caramel substances resultix;g from héathig the
sugar.s with no nitrogen content.’

i  - B .Mclanoidins due to condensation of -red\u'c-in.g sugars

! ‘with amino acids as N-glucosides.

! D 2 C. Iron complex colo.ring compournds from reaction of

i | jron salts with phenolic - OH groups of the humic

substances causing an increase in color.

A. Caramel substances:

Caramel prepared from pure sucrose is a complex mixture made

l

|

- _ Lo 1. History

| .

| of sugar anhydrides (polymers). Its composition depends on time and

- ~ temperature of heating (15) as seen below: -

_ Heat ' tile
Sucrose - R

i ') 1. lIsocaccharosan
| : ) -
Non- ) 2., Caramelan
vola- }
) 3, Caramelene .
e
)

4, Caramelin

| Beside;s these non-volatile compounds, the following
.volatille compqunds have l; | formaldchyde (2)

Abecn reported: 2. FORMIC ACID (22)

a ' - 3. Diacetyl (19, 23)

‘4, furfural and hydroxymethylfurfural (23}
Note: 1) Humic precipitates are formed in non-pure sugars (1).
2) Methylglyoxal has been found sometimes and it is
believed to be an intermediary in caramel formation.
3) Formic-acid concentration is increased with increase
in temperature of heating, '

-




the following findings (15, 16):

derivatives (24).
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Treatment of caramelan and caramelene with HCl (conc. non-
oxidizing.acid) will give caramelin (2) which is a2 dark amorphous substance.

This disappearance of caramelan and caramelene and formation

of caramelin has lead some workers to believe that caramelan formation

- is the first step in the process of anhydride formation and condensation

which'leads to humus and caramelin (2). Some believe that caramelin

is an impure humin and that no caramelan or caraimelene exist, while’

" others think that caramelan,.caramelene and caramelin are mixtures

‘of humins and isosaccharosans (ZO). This last idea ﬁvas supporied by

"heat

Sucrose- — - glucose + fructose
-KE
Heat . glucosan fructasan
~ Humic acid . R -~ lsosaccharosan

Cax;amel color

Isosaccharosan ha; been prépax;ed in the‘ léxboratorj' by r-ea.cting pure
levulosan with glucoéan (15). Humic acids are dark brown, alkali
.solub'le, ambrbhoas 'compounds that contain polymers of hydroxymethyl-
furfural which could be split into formic and levulinic acids (15). The
presence of isosacchorosans prevents the flocculation of humin (21).
The ability of isosaccharosan to split into glucosan .and fructosan has

led some workers to believe that the colloidal humic substance is dis-

persed in two colorless substances that are of glucose and fructose

~



- 5.

The co.lloidal‘ color, humfn or car‘amelin; is a z{on-diffusabie
substance, that does not pass through a dialyzer, and’its formula is a
conirovers'y between the different investigators.

2. Effect of type of carBohydrate used

. Carameli_zatién products depend on type of carbohydrate used. |

Caramelization of dextrose or invert sugar gives glucic and apoglucic

acids in presence of alkali (16). Levulose caramel may contain levulinic

~ acid, hydroxymethylfurfural and glucose (18).

3. Caramelization process:

‘The caramelization proces; is due'to dehydration of the carbohy-
drates giving double bonds or oxide linkages and the products may be
enols', ketones, furans, acetals and esteré. dc.pending on the pH, In
a}pid solution furan derivatives predominate, while in alkaline solution
the proccss is mainly dealdolization (11).

The reducing power of sugars decrcase:during caramelization 1).

Caramelization of unrefined sugars is faster than pure sugars |
due to the presence of mineral cbmpoun;is which cause higher degrees
of dehydration (1). |

" The caramelization process is cataiyzed by mineiai acids, as

H;SO4 and H3POy4 (8) and mineral salts especiaﬂy the ammonium salts

i S“C}_l as (NI{4)2CO3, NH,Cl, (NH4)ZSO4 which give high amounts of

color due to effect of ammonia (10). Na,SO, and )f«‘e'Z(SO‘})3 give higher
amounts of color due to dehydrating effect (giving larger polymer mol-

ecules) and oxidizing effect of H,50,, but the presence of Na,CO

2 3 .
NaCl, KCl and Na-acetate give little coloration (17). In general these

catalysts lower the caramelization temperature (9).
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" can be blocked or hindered to a certain degree by éOZ as in dehydrated
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NH3 is added to give a caramel color and the higher the percentage

of ammonia added the higher tinctorial bower (5). The mechanisnr is not

~well kn‘own'. With ammonia, Na.HSO3 and I\'aZSO3 are added to buffer the

mixture and maintain the desired pH in the caramel product besides the

" reducing power of NaHSO3 (5, 13). It is believed that the preconditioning

of the sugars with acids and ammonia prior to caramelization will bring

 the sugars into a form which permits caramelization to take place more

along a chemical reaction than by “"burning. 't of the sugar (13).

T

B. Melanoidins:

These N-compounds are the chief color contributors to beer and

they increase the {foarmning a’bility of this product (4). Their formation

food products (7). SO, blocks the carbonyl groups from reacing with

.the amino acids.

They can be formed from reaction of reducing sugars and amino

acids or ammonia. Twenty-four or more definite compounds have been

" found in glucose-glycinc reaction and about eighteen compounds in a

glucose-aqueous ammonia solution (7). Ammonia reacts easily with

" glucose and much faster with fructose giving mixtures of ketoses and

aldoses (12).

7 Thereis a great similarity between melanoidin and humic acids (3).
Both are acidic in nature and possess a great bufferiﬁg capacity (4). They
act as a protective colloids. |
| Caramecl colors prepared by heating concent.ratcd sugar solutions

exhibit behaviors similar to proteins in solutions, as colloidal material,

and possess a certain isoelectric point (25). The isoelectric point of

caramel is fixed during its manufacture and cannot be changed simply

by adjusting the pH after the process is finished.

an N Y
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PART T

CARAMEL, FLAVOR and COLOR

Caramel is defined as the concentrated aqueous solution
of the product obtained by heating sugar or glucose until the
sweet taste 1s destroyed and a uniform dark brown maess results,
a small amount of alkali or alkali carbonate being added while
heating, (n.F). Possibly a borader descriptive definition is
that caramel is the mixture of products produced by heating suc-
rose,glucose,molasses or other saccharine products within the
range of 190-220 deg. C. It should be noted that the Food and
Drug Administration deems caramel to be an artificial color since
it is made by the artifice of partially breaking down sugar.

Properties:

Caramel is a dark hrown to black,viscuous liquid with a -
characteristic odor of burnt sugar from which property it gets its
-synonyms of Burnt sugar and burnt sugar coloring. It has a plea-
sant, somewhat bitter taste, Caramel(N.F.VII) should have a specific ~
gravity not less than 1.30 at 25 deg. C. It is soluble in water
and one part dissovled in 1000 parts of water should have a clear
sepia tint. Such solutions should not change perceptibly within
six hours uor should auy grecipitate frog within this period on ex-
posure to sunlight. Caramel is soluble in water in all proportions
and is also soluble in alcohol solutions containing less than 55
percent by volume but it is insoluble in most of the common organic -
solvents such as ethyl ether, petroleum, benzene, chloroform, ace-
tone and the like. .

As detailed below, caramel is composed of a mixture of sub-
stances. When prepared from pure sucrose caramel is completely
soluble in water. However, when prepared from unrefined sugar cer-
tain water-insoluble components are formed. The quantity of these
insoluble components increases with increase in the extent of dehy-
dration. The caramel made from sucrose is much more soluble in
agueous alcohol solutions than that made from commercial glucose
for the latter contains dextrins which on heating form alcohol

insoluble derivatives. The addition of alkali carbonate during the
heating process apparently increases the coloring powver. Caramel
acts as a stabilizing colloid in molasses and syrups but apparently
does not affect the viscosity.
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Solid and powdered caramels are also avilable. Solid
caramelis generally a reddish-brown, brittle, amorphous, high-
ly deliquescent material, :

Composition:
B! el

) While the chemical composition of caramel has not been
entirely elucidated, investigators over a period of years

-have been able to gather certain information concerning its

composition.  When sugar and the other saccharine products
mentioned above are heated above their melting points but

‘below the point at which they are likely to char, a sticky

deep brown-colored mavws is obtained. This is a mixture of
various components which are termed various by different iunves-
tigations of dehydration products, decomposition products, etc,
Undoubtedly some of the components are simple dehydration pro-
ducts of the sugars; others are polymerized mono-and disacchar-
ides, When the starting material for the preparation of carmel
is a chemical compound such as sucrose or D-glucose, the mix-
ture produced by the heating process is less complex than when

-the starting material is & mixture such as molasses, commercial

glucose and analogous materials.

One of the first investigators was Gelis (1851-1862) who
concluded that caramel from sucrose consisted of three Products,
one & dehydration product caramelan Ci12H180g, equivalent to a
12 percent loss in weight, and two polymers Caramelan Cz6H50025
equivalent to a 14-15 percent loss in weight; and Caramelin
096H102051: equivalent to a 20 percent loss in weight,

Ehrlich deemed the coloring matter of caramel from sucrose
to be a compound CypHp2C11, £ 2Hz0 which he named saccharine.
He obtained this material by heating sucrose under vacuum in a
flask immersed in oil at about 200 deg. C, The residue remaining

-after extraction of other materials by methyl alcohol was dis-

solved in water, filtered, and evaporated to yield a dark-brown
amorphous material readily powdered. Browne and Zerban call
this material Saccharan, One part of this material colors
10,000 parts of water a deep brown which can be intensified by
the addition of alkalies. It is tasteless and is not precipi-
tated by lead subacetate in contradistinction to other coloring
matters in syrups. Meade, however, found that impurities in
molasses and analogous products when precipitated by lead sub-
acetate and even lead acetate, coprecipitate the caramel. Later
workers in this field confirmed the fact that carawmel is a
nixture, Cunningham and Doree isolate: caramelan as a buff color-
ed powder, melting at 136 deg. C. and found by umolecular weight

1R
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. determinations that it is probablywa;dimer.with,a formula

C24H3607 g+

By heating sucrose under reduced pressure for 15
minutes at 135-190 deg, C., Plectet and Adrianoff obtailned
in addition to caramelan and caramelin described above, a
compound which they termed isosacchararosn CjpH,q010.

This materiel, precipitate! from methyl alcohol by acetone,
is a bitter tasting, very hygroscopic, water-soluble pow-
der melting at 94-94.5 deg. C.

Separation of Compounents:

Gells noted that caramelan, the simplest of tlc
dehydration products, was soluble in 64 psrcent alcochol;
caramelan was soluble in cold water but insoluble in alcohol;
and caramelin was insoluble in cold water. Garino and Tosonotti
made use of these differences in solubility in separating
these components. Dialysis methods were used by Janacek to
separate these components. His work indicated that the Formula
Cy25H188080, @ssigned to caramelin by Sabaneey and Antuschevitsch
vas probably a betier representation than that assigned to this
compound of Gelis, ' )

Utilization:

Caramel has wide utilizaticn in the flaver, non-
alcoholic and alcoholic beverage, baking, fridzen dessert, and
confectionery industries both as a color and as a flavoring
agent., Its use, for instance, in imitation vanilla flavor
is in an outstanding example, It is used in wedicine princip-
ally as a coloring agent.
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PART II

'PREPARATION OF CARAMEL
Morrls B,.. Jecobs

Manufacture:
Sucrose:

- A caramel can be made from sucrose merely by
heating it above its melting point, 186 deg. C., but below
the point at which it chars. Such a method is inadequate for
commercial production. A relatively simple formula is to heat
100 pounds of simple syrup to boiling, add about 150 grams
of 28 perc -t ammonia water while mixing the batch, and add
an aqueous solution of ammonium carbonate containing 250
grams of the sealt, The heating is countinued until a tempera-
‘ture in the range of 350-450 deg. F. (176.6 - 232 deg. C.) is
obtained. ) -~

An alternative method is to heat a solution of
sugar in concentrated ammonium hydroxide solution under pres-
sure at 105-120 deg. C. Any volatile products formed in
the process may be removed subsequently by passing steam
through the product. Pressure may be released and reapplied
in the processing step.

Specific recommendations for the preparation of
caramel have been given by Leopold and by Sollich. The
former investigator found that it is best to heat the sugar
at 177 deg., C. for 16.5 minutes and that longer heating causes
the development of a bitter taste. The letter investigator
found that partial concentration was best performed in Vacuc.,
8till another recommendation is to heat sucrose at 210 deg. C.
It is known that unrefined sucrose carmelizes much more readi-
ly than refined sucrose. This is attributed to the mineral
content of the unrefined product.

Raw Sugar or Molasses:

- ' One method of preparation using these sources of mater-
ials follows the procedure outlined below: Dilute the raw

sugar solution or the molasses and allow to stand until virtu-

ally 211 the suspended rmaterial has settled out. Invert the
sucrose with sulfurous acid‘and remove the excess sulfur diox-

ide by boiling for 0.5 hours, ’
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'Neutralize with lime and filter., Boil the filtrate cautiously

using a vessel equipped with & steam coil. Replace the water
lost durin: boiling and continue the process until a pro=-

duct of adequate coloring power 1s obtained., Evaporate to a
viscous consistency.

Sfarch, Dextrin and Glucose:

Caramel may be prepared from starch by several
methods, In Europe a common procedure is to dampen powder-
ed starch with dilute sulfuric acid. The batch is heated
to 100-120 deg, C. and is held at that temperature until
hydrolysis of the starch and dextrin to glucose is complete.
This may be checked by the addition of 95 percent alcochol
to a solution of a sample of the batch. A clear solution
indicates complete hydrolysis:; a turbidity indicates the pre-
sence of dextrins. Calcium carbonate is added to neutralize
the sulfuric acid. The mixture is added to neutralize the
sulfuric acid. The mixture is allowed to stand; the clear
supernatant liquid is decanted from the precipitated calcium -
sulfate: it is concentrated to 36 deg. Be.; and is filtered.

"After transfer to a vessel the hot filtrate is heated to boil-

ing vwhile being stirred. Sodium carbonate is added in the
ratio of 3 parts to 100 parts by weight of the batch and

after the color deepens, the heat is reduced gradually to

avoid carbonization. Partial cooling is accomplished by addi-
tion of hot water. The caramel is extracted with water, fil-
tered, and then diluted to provide several grades of color.

In an alternative procedure of preparing caramel from
starch, the starch is saccharified by heating with dilute
hydrochloric acid under pressure, The sugar obtained is sub-
sequently heated at 120-130 deg., C. with a catalyst such as
ammonium chloride, aluminum sulfate or calcium chloride.

In one process the caramel is made directly from
dextrin without conversion to glucose, The starch is-con-
verted in customary ways to dextrin and the latter is carmelized
directly in the presence of ammonia or other alkali.

Di Baja made a caramel vpaste from glucose by
hydrolized potato and corn starch in an autoclave with dilute
acid, He stressed the importance of quality in the glucose
used, .recommending 41 percent as the minimum, D-glucose con-
tent, required in such commercial glucose,
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Malts are specially prepared to provide caramel color-
ing. Ordinary malt is given an additional processing by dry-
ing, steeping, and heating until it is adequately caremlized.

The color of these products ranges from yellowish brown to a
blackish brown, the latter being produced by high temperature
drying. In this instance, the principal sugar being carmelized
ip maltose,

Lactose:

While this sugar has not. been used to any great ex-
tent for commercial caramel production, it is to be noted that
it loses water of hydration at about 130 deg. C., and while melt-
ing at 200 deg. C. undergoes caramelization at 160-180 deg. C.

Soybean Carbonhydrate:

The crude starchyosg\obtained from the by-products
in the extraction of soybean oil by alcohol can be hydrolyzed
with dilute hydrochloric acid; the acid concentration can be
reduced to hP 2.3 and then the material can be hydrated by

" heating at 130 deg. C. While crude starchyose could be used,
& commercial caramel could not be prepared by this investiga-
tor by the direct heating of starchyose.

Instead of using crude stchyose the lower layer of
soybean oil foots, after treatment with acid can be used for
it is rich is sugars. This layer is filtered and heated at
130 deg. C. The caramel solution is neutralized with sodium
hydroxide to a pH 6.0 - 7.0. The bitter taste of the caramel
preparation was removed by the addition of a small amount of
alcohol or by the addition of disodium hydrogen phosphate,
monosodium dihydrogen phosphate, or trisodium phosphate.

Caramel Powder:

To prepare a caramel powder the following procedure
may be employed. Decrease the viscosity of the caramel by add-
ing suffucient water to mzke the total solids content of the
mixture 60 per cent. Reduction of viscosity can also be
achieved by heating the caramel to approximately 85 deg. C.

-The fluid can then be spray evaporated at 40-50 deg. C. with
preheated air, '

A caramel powder mixture for use in foods can be
made by teking dry, finely powdered caramel and mixing it with
sufficient sugar so that it will not cake when the mixture is
kept in a dry, air-tight container under commercial storage
conditions.

018
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The time and temperature of heating sugar masses
containing water and an alkaline substance, can be arranged
50 that caramelization and evaporated to dryness occur sim-
ultaneously.

Utilization: -

Caramel is used widely as both a flavor and coloring

'agent. A principal use is in imitation vanilla flavor where
it is commonly employed in the ratios of 7 to 10 parts of

caramel per 1000 parts of total ingredients, . At other times
caramel is added to suit the taste of the processor., This
practice 1s undoubtedly attributable to the desire to obtain
a product looking like natural vanilla flavor but undoubtedly
the caramel adds a note of its own.

Caramel made from starch by the sulfuric acid method
detailed above is commonly used in Europe for coloring
alcoholic beverages such as beer, brandy, and high wines, An
equally common practice is to use caramel color in rum. Indeed
virtually all rum from Jamaica is colored with caremel. TFor
coloring beer .and wine it is not necessary to free the
glucose, used as the raw material completely from dextrin., qn
addition ammonium carbonate may be used as the alkali instead
of sodium carbonate.

Caramel malts are used for coloring whiskey, beer

and sometimes vodka. Caramel, however, is employed not only

in alcoholic beverages but also in nonalcoholic beverages
like soda pop.

In addition to its use for the products mentioned above,
caramel is often used for the cdloring puddings, cakes, syrups,
ice cream and certain medicines.



-

\,%:)

-8~
~ PART IIT

- PRODUCTION OF STAELE CARAMELS FOR THE FOOD
AND BEVERAGE INDUSTRIFS

Where invert sugar 1s also manufactured, it may be
convenient to use iunvert for caramelization, as the iunvert
itself can be produced in the form which experience has shown
to be the most suitable, To make a good caramel, the best
and purest No. 1 invertf must be used.

In the food industries (e.g. for soups, pickles,
gravy browning, cakes, etc.,) it was once thought .that the
only requirements of a caramel were that it should have the
maximum possible color compatible with reasonable fluidity;
hovever, the complete picture is not quite so simple as that.
Although none of the products for these purposes has to be
bright in solution, if an unstable caramel jg used, it is

found that the % color recovery at the fr'inal stages is deficient,

In very general terms, "bad" caramel can be defined as
that in which, duriug manufacture, the colloidal particles
have been allowed to grow in such an uncontrolled manner that
they have ceased to be colloidal at all, and, as soon as the
caramel is diluted, even with pure distilled water, precipita-
tion takcs place,

An unsuitable caram2l is one of which the isoelectric
point. is such that, at the pH of the product in which it is
to be used, it carries an opposite electric charge from that
of the colloids already present; when this happens, the colloid-
al particles attract each other into increasingly unstable
aggregates, with eventual precipitation, A prodguct the parti-
cles of which are negatively cherged must alweys be colored
by -a caramel with the same characteristic. It will be appreci-
ated, therefore, that the inability of a good caramel to color a
product for which it is unsuitable is no reflection on its inher-
ent werit for its proper purpose; nor is it any good discussing
iso-electric points if the caramel is inherently unscund.
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Precautions must be taken, therefore, in the first
instance, against "forcing® and "stewing." The caramel pans
are accordingly equipped with recorder charts, from which
the whole time-temperature performance of the batch can be
obgerved. Experience has shown that the almost invariable

cause of a batch requiring pushing along (beiug reluctant to

teke color) is inefficient absorption of the alkaline catalyst,
This is reflected in the final nitrogen figure, which is there-
fore checked on every batch and written on the recorder chart
for reference, Additionally, the pH of the liquor is checked
in the laboratory before acceptance for transfer to the caramsl
pan. Beer caramels are, almost universally, straight liquid
ammonia caramels nowadays, with transfer to the finishing pan
at a pH value of 8.5 and aiming at a final nitrogen (for 50,000)
of 4,2%. Incidentally, it seems illogical to express this in
the form "N X 6.25" as protein,

At the present time there are two methods of getting
the ammonia into the invert sugar, a process which depends on
& very precise control of time, temperature and contact. it is
not quite clear which method is the better. In one, the awmmonia
is gassed into the sugar in a tall slender tower celled the

_bubbler, the rise in temperature in this device being controlled

by & large cooling coil. On the whole, there is fairly good
absorption. In the other system, the ammonia is stirred very
gently into the sugar with a slow-speed stirrer in a large

and comparatively shallow pan fitted with both heating and cool-
ing coils, and by a touch of the control valves, the operator

-has absolutely instant temperature control.

The third danger point with caramels isg "working on".
To obviate this, there are a variety of methods of progress-
ively "killing the heat" as soon as the final peak temperature
is reached, The first is the application of quench water,
which is sprayed over the caramel from numerous fine nozzles,
rather like a sparge arm. This converts the product, which
would otherwvise soon solidify, to normal pumpable counsistency,
and at the same time causes a fall in temperature of about
30 deg. C. While quench water is going on, the operator turns
on the cooling water, which with the older type of gas-firing
pan goes into an elaborate trombone-shaped coil and with the
more recent type just floods the jacket. Meanwhile, the
rouser continues to revolve, and after about 2 hours the tempera-
ture is down to 65 deg. C. The batch in then dropped and
pumped to storage vats, in which a small cooling coil operates,
and at about 40 deg, C., the caramel is safe to rack.
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A Even now the danger is not entirely passed, for if it
is subsequently heated for any length of time the caramel will
start to work again and its beer stablility 1s lost, The
Tirst test applied to any sllegedly defective caramsl is to
check its color power to see if it has risen above normel.
Needless to say, this problem is a very real one in the export
trade where goods have to pass through or are used in the tropics,
Means are constantly being sought for the improverent of caramels
from a "reheating sensitivity" point of view. Actual trade pack-
-ages are incubated at 60 deg.. C. and the contents are examined
once & week for three months.

As soon as the quench water is thoroughly mixed in, a
sample of the caramel is drawn for the laboratory, where the
color is checked and nitrogen and beer tests are put on,
Colors are actually read on a photo-electric colorimeter. The
beer test consists of taking a measured quantity of de-gassed
and filtered beer, coloring it to a standard tint and leaving
for 24 hours. It is then examined against the uncolored
control in what amounts to a 4 in. cell in scattered light.
The instrument used is a type of "Tyndallometer" and is very
effective and severe in action.

The iso-electric point of beer colloids is at 5 PH and
that of a typical beer caramel is at 6.9; the normal pH of
‘both being in practice below their iso-electric points, they
are positively charged. By contrast, the iso-electric point of
certain types of soft drinks is below 2.5, and of special
caramel for such drinks below 1.5 ; both, in the finished product
being at a higher pH, are therefore negatively charged, The
wrong caramel, either way round, would be equally useless, It
should be emphasized that the iso-electric point of & caramel
is fixed during its wanufacture by the nature of the alkaline
catalysts used and by the time-temperature cycle followed; these
factors also govern the final pH. :
Altering the pH of the caramel after manufacture does
not alter the iso-electric point. Beer carawel may have a
final pH of 4.6, and soft drinks caramel one of 3.2; raising the
rH of the latter to 4.6 would not make it a beer caramel, nor
~would lowering the pH of a beer caramel to 3.2 make it any more
suitable for soft drinks containing vegetable extractives. The
only result of neutralizing a caramel, apart from making it
less acrid, is to render it more liable to mould growth,
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PART IV

CARAMEL, IN THE BREWING INDUSTRY

In the last two decades increased attention has been
glven by brewing biochemists to colloids of wort and beer.
The extensive studies on wort broteins, such as the recent work
by Sandegren and St. Johnston for exarple, is rapidly point-
ing the way to satisfactory understanding of the function of
some of the most important nitrogenous colloids in wort and
finished beer,

Melanoidins and Caramels in Brewing:

A distinctive group of substances which should be
of great importance and interest to the brewing industry,
namsly, the melanoidin and caramel group has been little in-
vestigated. For lack of precise information concerning the -
structure of these substances they can be grouped together.
Melanoidin materials are usually regarded as the brownish sub-
stances resulting from the chemical combination of carbo-
hydrate materials with amino acids or ammonium salts. "Caramel"

- usually indicates substances produced when carbohydrate materisls

react with ammonium compounds, or those obtained when sugars
and other carbohydrates are heated to temperatures high enough
for considerable decomposition to occur. It is almost certain
that the principal colored substances bresent in wort and beer
do contain more or less nitrogen.

So far very little is known of the chemistry of the
melanoidins and the caramels. The amount of natural color.
ing matter present in a wort depends on a number of factors,
including the nrature of the original grain, the time, tempera-
ture, and pH of the malting and mashing processes, composi-
tion of the steeping water, pH of kettle wort, boiling -time,
variety and quality of the hops used, oxidation-reduction con-
ditions occurring in walting, mashing, boiling and subsequent
cooling stages, and probably many other factors. Much color
production takes place during wort cooling, probably because
of oxidative changes., The final color of a pale beer will
depend on all these points.

Much of the color of the natural boiled wort is often
filtered out before ferwentation; some color is deposited upon
and precipitated along with the yeast, Very little has been
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done to separate and characterize these natural melanoidins
of wort, but they appear to display many of the properties
of the carsmel colorings which ere discussed below. Some
of the m2lanoldins present in wort end beer, and in other

~ important raw materials such as various kinds of molasses,
are subject to precipitation when the pH of the medium is
lowered, In this way they differ from the coloring matter
of good beer caramels which should exhibit considerable
stability when acids are added.

Manufacture of Caramels:

The manufacture of caramel colorings from carbohydrate —
materials for various kinds has been a large and iwportant in-
dustry for many years but very little has appeared in the tech-
nical literature about the methods of preparation or the
properties of these materials., Caramel is used to color a wide
variety of foods and beverages including bakery products, beers,
wines, soft drinks, cider, vinegar, spirits, gravy colorings,

~and many more. Many hundreds of tons of these coloring mater-
ials are produced yearly in England, the United States, and
other countries. They are prepared by heating very concentrated
solutions of invert sugar, glucose syrup, or other sugary mater-
ials with ammonia gas or various ammonium salts, with or without
other inorganic substances which act as "catalysts" in produc-
tion of color. The heating often up to temperatures of 120-
130 deg. C. is carried on until the color produced is satisfac-
tory. The mixture is then rapidly cooled and run into suiteble
packages. By "rule of thumb" techniques built up over the
Years, caramel materials of good coloring properties have been
produced, but it is fairly certain that few scientific prin-
ciples are known concerning the methods of preparing them.

Properties of Caramels:

A careful check of the various types of caramel color-
ing materials available commercially in recent years has been
made., This has shown that commercial caramels vary widely in
some of their properties. For example, the coloring power
of available caramels varies from 20,000 to 60,000 color units,

“as measured in degrees Lovibond (series 52) and estimating

the color from a 0.05 per cent solution of the material in a
l-inch cell, The flavor also varies from a bland and sweet
material to a harsh and bitter flavor almost entirely free of
sweetness, The consistency of some cararels is such that they
flow easily; others have hardly any "flow" and many easily
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s0lidify in their containers, Ash content varies from 0,3
per cent to more than 4 per cent, and the pH of a 5 per cent
solution of the caramels in distilled water may be anywhere
between 4,0 and 6.5.

éolloidal Properties:

Any of these properties may have an important
bearing on the choice of a caramel coloring for a particular

- purpose, and users like to specify clearly defined values for

thelr own especial uses. An extensive examination, however,

hes revealed that by far the most significant property of a
caramel is its colloidal behavior in solution. We have been
able to demonstrate that the color particles of a commercial
caramel in solution exhibit electrical behavior and that the
dissolved particles can carry positive or negative electric
charges, or some of them may be neutral in behavior. The

exact charge depends on the pH value of the solution of the
caramel, and the value and nature of the electric charge can vary

- with pH. Thus the caramel particles behave in a manner almost

identical to that of dissolved protein molecules, and posses
clearly defined isoelectric points at which the electric
charge is minimal. At pH values on the upper (alkaline) side
of the isoelectric point the particles are negatively charged;
on the lower (acid) side of the isoelectric point the charge
on the colored particle becomes positive. The value of the
electric charge becomes increasingly unegative with rising pH
and increases positively with lowering of oH. 1t appears
likely, therefore, that "salts" of the caramels are Brmed
with alkalies and acids, and that these might be described as
"sodium" caramelate and caramel "sulphate." This is similar to
the formation of "sodium" albuminate and albumin "sulphate"

by albumins in alkalis and acids,

The similarity of caramel to protein in behavior is’
very great indeed, and many of the protein propsrties investi-
gated and described by Loeb in his classical investigations are
shown by caramels. Loeb demonstrated that the charge ou protein
particles (as well as on their osmotic pressure and other pro-
perties) is minimal at the isoelectric point of the protein,
‘but that the charge increases with decreasing pH (increasiug
acidity) to a maximum, usually at & pH of ebout 3.0. At pH
values below this point the charge steadily falls because of
the depressing effect of the acid anions that accumulate in
the solution. With one caramel coloring with an isocelectric
point at pH 7.0, which we have investigated, it was found that
the caramel particles became increasingly positively charged
down to a pH of about 2.85, but the charge became less posi-
tive at pH values below 2.85.
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The effect of solutiouns of neutral salts on protelns
was also investigated by Loeb, who showed that low concentra-
tions of these salts, by yilelding charged ions to the solution,
depressed the charges on colloid particles which carried
electric charges of opposite nature, in this way depressing
the various colligative properties of the protein in solutiom.

"In similar fashion it has been found that neutral salts depress
the value of the electric charges on caramel particles in solu-
tion, This i1s a most iwmportant reaction and may well tend to
mask the true colloidal nature of the caramel,

Two Classes of Caramels:

Examination of many commercial caramel colorings has
shown that, broadly speaking, they fall into two chief classes.
The first of these is definitely characterized by possession
of & large amount of colloidal coloring with an isocelectric
point in the region of pH 7.0, The other group has weaker -~
electrical properties, but is characterized by & color with
an isoelectric point at about pH 3.0. This does not mean that
all the coloring materials in these commercial caramels have
these properties. There is, undoubtedly, a part of the color
which is neutral in electrical reaction and this uncharged

(ﬂ\ ' fraction is very desirable since it will not disturb the colloid-
PR\ al balance of any system to which it is -added. The electrically
A : charged coloring matter, however, can greatly influence a

system to which it is added, as will be explained later.

5 In our experience the caramel with coloring of a high
isoelectric point (pH 7 or thereabouts) is obtained commercially
by the interaction of ammonia, and invert sugar or glucose,
follovwed by heating to complete color production to the required
degree, At ordinary temperatures, the resulting substance

is a reasonably freely-flowing material with a coloring power
between 20,000 and 60,000 units (normally 40,000 to 60,000).

It contains up to 3.5 per cent of total nitrogen, none of which
is freed as ammonia by heating with alkali, and usually countains
but little ash (up to 0.5 per cent.) The preparation of

such caramel has been described by Comrie. (1).
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There is available in large eamounts, however, a caramel
which has an isoelectric point at about pH 3.0,  This is a
most important material for certain industries that find the
higher pH iscelectric point type quite unsuitable for thelr
particular needs. It is difficult to obtain this material
with e coloring power much higher than 27,000 to 28,000 units.
Our experiments have shown thet it is produced by heating
invert sugar or glucose with small amounts of ammonia in the
presence of some sultable catalyst such as sodium hydroxide.
Of considerable interest is the fact that the taterial is
often of a thick consistency and that it contains a large amount
of ash (3 per cent or more), and normally only about 0.3-0.6
per cent of nitrogen, all of which is tightly held and cannot
be released as ammonia by alkaline treatment.

It cannot be too strongly emphasized at this point
that not all the coloring matter of these two groups of cara-
mels is always electrically charged. Usually it is a fraction
of each type which carried the charge and gives the material its
characteristic properties,

Caram=ls for Brewing:

If confrouted with both types of caramel, which type
should the brewer use for coloring his beer? The product of
the high isoelectric point 1s high in coloring power but its
flavor is usually rather acrid, and it is not very sweet. On
the other hand, though the material of low isocelectric point
has & coloring power of only 22,000 to 28,000 it is much more
bland in flavor and is sweeter, since less of its sugar has
been "burned" into color material. Experience has shown, how-
ever, that the material having the higher isoelectric point
is by far the most suitable for brewing purposes. The use of
this material usually yields beers which are bright, clear,
end sparkling and which waintain this appearance for consider-
able periods on storage, except for production of chill haze
and possibly of certain of the normal hazes such as metallic

hazes,

Wort and Beer Colloids:

A caramel containing color having en isoelectric
point at about pH 3,0, however, is often quite unsuitable for
coloring of beer as its use is accompanied by the production
of heavy deposits and hazes. The behavior of the various types
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of carawel in malt wort depends on the reaction which the elec-

trically charged color colloids have on the wort colloids.
Although much work remeins to be done on the colloids of wort
end beer, St. Johnston (2) has demonstrated the presence of four
protein fractious which he has designated T, C, D, and 0 in
gveet wort and boiled hopped wort. Of these, protein T

is & globulin-tannin comwplex, having an isoelectric point at
ebout pH 6.4. Protein C has an isoelectric point at ebout

pH 6.0 eand yields protein O upon denaturation and oxidation.
Although protein C is coagulated by boiling, St. Johnstoh
regards such coagulation as rarely complete, owing to oxida-
tion to protein O, which appears as & dark residue in solu-
tions exposed to air, Tt has an isocelectric point at pH 3.9,
at which it is precipitated. St. Johnson states that numsrous
turbidities and flocculations in the brewing and keeping of
beer can be accounted for by the mutual precipitation between
the negetively charged protein O and the other positively charg-
ed proteins (3). He also regards protein O as similar to

the wort nucleo-protein isolated by Hopkins, Amphlett, and
Berridge. (4). Hopkins hes also described a heat coagul-
able protein of malt wort, fully precipitated at pH 3.8-3.9,
probably a nucleo-protein. This could be prepared without
any color (5). If this protein and St. Johnston's protein

0 were identical, protein O would be impure, possibly by cou-
taminetion with adsorbed color.

Sendegren has described one albumin and four globulin
fractions obtained from barley protein. The albumin and oue
of the globulins he singled out as of particular interest in
brewing. Lloyd Hind (6) discusses the presence of amphoteric
protein degradation products in beer, stating that the isocelec-

‘tric point of these substances lies between 4,6 and 5.5, and

that they are very significant with respect to the properties

of the beer. The coalescence of positively charged protein
particles with negatively charged beer tannins is a well-known
phenomenon. St. Johnston stated that his protein O is not
affected by tannin because of the fact that the protein is unega-
tively charged at the pH of wort and beer.

This and much more evidence is available to show
that there are many nitrogenous colloids present in wort with
isoelectric points between the pH of 6.0 and 3.9. As indicated
by St. Johnston, mutual precipitation between some of these
substances will undoubtedly take plece in wort and will influ-~
ence beer keeping properties.

Behavior of Caram=ls in Beer:

It is of interest to examine the behavior of some of
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these colloids when the two types of caramel colorings des-
cribed ebove are added to the beer. This will, of course, de-
pend on the pH of the wort to which the caramel is added and

changes will continually teke place as the wort pH is lowered
during fermentaetion. Assuming the wort p~ (or beer pH) to be

4,2 most of the proteins will have isoelectric points at about

this figure end will thus be positively charged., Addition
of & solution of caramel of isocelectric point pH 7.0 will intro-
duce into the wort system & colloid having a strong positive
charge. This should tend to be precipitated from solution,

Suppose, however, that a caramel of low isocelectrilc
point at about pH 3,0 is used for beer coloring. It will be
negatively charged (this type of coloring matter carries only a
veak charge), and will thus tend to unstebilize and, ultimately,
to precipitate some of the beer proteins and other colloids
that are positively charged. Only the negatively charged
colloids present, such as the tannin materials and possibly
"protein 0", will be stabilized. Natural coloring matter of
melanoidin type will also enter into these various precipita-
tion and stebilization systems depending upon their isoelec-
tric points. The use of the wrong type of caramel coloring
will, therefore, certainly tend to instability in the beer. It

- 18 significant that scome caramel wmanufacturers now recommend

only caramel of high isocelectric point for beer coloring.

It is of great iuwportance to reelize that the precipi-
tation reactions Jjust described often do not take place in-
stantaneously. Owing to the very small amount of the elec-
trical charge carried by some of the materials, and to the
protective actions of the colloids present, it may well be that
the precipitations will require days, or even weeks, to take
place, This means that an incorrect caramel may cause the de-
posit of unpleasant hazes and precipitates in the bottle or
can, : ’

The mixing of solutions of high and low isoelectric
point caramels at a pH intermediate between their isocelectric
pH values results in the mutual precipitation of some of

the color of the two caramels. The reason for the precipitation
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was not understood untll recently, eand was ascribed to
"incompatability" by Fetzer. (7). This author, however,
wisely warned against the mixing together of two or more
batches of caremel of differing origin.

In the coloring of soft drinks in which kola, bur-
dock, and other herbs are employed, the use of high isoelec-
tric point (positively charged) caramel results in the
precipitation of the negatively charged tannin-like sub-
stance, present in the natural plant materials, A caramel
of low isoelectric point, negatively charged at the pH
(3.5 or so) of the solution is used for these beverages and
to stabilize the system and produce a heverage of good clar-
ity. Breveries having an interest in this type of trade,
even indirectly, are warned not to mix their caramel coloring
materials,

It wmay be mentioned that when yeast is added to a wort

& new electrical system is introduced. Yeast cells at these N

normal pH values are often negatively charged, and can there-
fore adsorb positively charged colloids, including some of the
caramel color. This is partly respousible for the color of
compressed yeast since some natural melanoidins are unstable
in solutions of low pH and may precipitate on, and be separa-
ted off with the yeast.

It is interesting to note that some inferior caramel
coloring substances available commercially have been prepared
in such a manner that they precipitate when dissolved in water;
or in vater acidified tothe pH of beer. This occurs when un-
controlled production during wanufacture of the coloring
matter results in particles large enocugh to precipitate at
beer pH values, A good caramel should exhibit complete stab-
ility in solution. L
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B.S. 3374 : 1965

THis Bririsu STANDARD, having bien approved by the
Chemicals Industry Standards Conissivee and eirdorsed by
the Chairman of the Chemical Divisional Council, was
published under the authority of the General Council en

18th hiarch. 1965,

The Institution desizes o call atcniion to the fuct that
this British Standard does not purport 1o include alt the
necessary provisions of a contract.

In order to keep abreast of progress in the industiics con-
cerned, Dritish Standards are subject ta periodical review,
Suggestions for improscments wiil be recorded and in duc
course brought to the notice o the corumittes charged with
the revision of the standzards o whiclh thay refer.

A complete list of British Standaids, nusdering over 4000,
fully indexed and with a note of the contents of cach, will
be found in the British Standards Yearbook, price 15s. The
B.S. Yearbook may be consuited in many public litraries
and similar instituiions.

This standard makes reference to the following British

Standards: ‘

B.S. 733. Density bottics. - )

B.S. 3210. Mcihods for the analysis of water-soiuble coal-
tar dycs permitted for use in foods,

British Standards are revised, when necessary, by e issue
either of an:endment slips or of revised cdizions. It is importart
that users of British Standards should ascertain that they are in
possession of the latest amendments or cditions,

The following B.S.I. references relate to the work on this standard:
Commiittee reference CIC/11 Draft for comn:ant D64/6568
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CO-OPIRATING CROARTZATIONS

The Chemicals Industry Stancdards Commitiee, under

whose supervision this British Stan:iard was prepared,
consists of rrresentatives from the following Govern-

mapt depattinents and  scientific  and industrial .

organizitions: ' -
*Association of British Chamical Mannfaciurers

Bourd of Trade

Beitish Jron und Siedd Federation

Fertitiser Munulucturers” Association Lid,

Gas Couicil '

Institute of Vitrcous Enameliers

Institution of Gus Ungincers

Ministiy oi Defence, Army Department
*Miaistry of Jlealth

National Sulphuric Azid Associnion

Royal fastitute of Public Health and Uygiene :

o
o

The Goveranent department and industrial organiza-

ion niriied vith an asterisk in the above list, together

with the following, were directly represented on the
commiltee entrusied with the preparation of this

British Standard:

Association of Public Analysts

British Baking ladustrics Rescarch Association :
British Colour Makers™ Association .

British Usseace Munuiucturers’ Asseciation

British Food Muanufacturing Industrics Research Association
British Industrial Biological Research Association I.id.
British Pharmucopocia Commission

Cake and Biscuit Alliance

Caramel Manufacturers

Cocoa, Chocolate and Conl'ccl.ioncr_y Alliance
D.S.LR.—~Laboratory of the Government Chemist
Flavouring Comypoeund Manufacturers' Association

Food Manufacturers Federation Incorporated

Ministry of Agriculture, Fisherics and Food

Minislry of Healih and Local Governmient (Northern Ireland)
Pharmaccutical Socicty of Great Britain

Royal Suciety for the Promotion of Health

Society for Analytical Chemistry -

Sacicty of Chemical Industry (Food Group)

Socicty of Dyers and Colourists
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B.S. 3874 : 1965

BRIT]SII ST:\\'DARD SPECIF lCAflO FOR

CARAMEL FOR USE IN FOODSTUFFS

.FOREWORD

The British Standards Insnu.llon has Lean asked hv ﬂ Ministry of Agri-
culture, Fisherics and Food to prepure spécifications for the colouri: Y atiens
permiczed by the Colpur:n" M.ulu' in Food Rc&:u!.n.n"s 19574, ‘.nd this
British Slamhrd is onc of a series covering matc. ials, other than coal-tar dyes,

- listed in these Regulations.

In the preparation of these standards regard has been paid to the ¢ cgree of
purity \,0'11'1“‘“...!“)' obtainable by goud manufuciuring practice, the seeds of
users and the r‘.qu.'rgnu..ts of oversens standards, pa mu:..lr'v any relovant
specifications approved by lm. Food and Drug Admiaistration of the United
States, :

The term ‘carame]” does not denote a single chemical substance. A wide
range of types of caramel is rade to suit the requirements of particular users.

T

Thu B“us‘l Standard, therefore, does noi ¢« 20 beyord the spec f cation of limits

for harmful in: puritics, and of such ¢ b:mu.u ristics as will ensure an acceptable
MRS
standard of cuulity for users who do not agree detwiled specifications with
manufacturers or supp!icrs. T .
SPECIFICATION
SCOPE

1. This British Standard applies to zarzmel for use in the colouring of
foodstulls.
_ DEFINITION
2. Caramel is the water-soluble brown material prepared by the action of _h:.'.l
on water-sotuble carbohvdrates, or ..11.\'.[:!'(.‘3 of such carbohydrates, in the
presence or absence of acids or zikalis or of combinations of these.
RAW MATERIALS

3. Each material used in the manufacture of caraniel shali individually cc.\.plv

- with .my appropriate statutory regulations or other relevant standards of

purity ior th» pariicular maicrial w hen i it is 1o be used in the manulaciure of
foodstufls. ’

¢ Statutory Instrumienat 1957 No. 1956, obtainable frony H.\LS.O.
4
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: B.S, 3874 : 1905
: DENSITY OF 10 PER CENT SOLUTION
4. a. Unless otherwise agreed between purchaser aad vendor, the denstty of a -
10-00 per cent wiv solutien of the curaml shall be not less thaa 140213 g/ml :
at 20°C whan determined by the mcthod described in Appendix A, .
WOTE. Titis mininum value corresponds toa solids conteni of approxintately €3 per cont wiw.
b. For the purposcs of Clauses 6. 7 and $ of this specification, the solids
content of the caramel shail be caleulated from ihe density of the 10 per cent
solution by means of the formula given in Appendix A, Subclause Ada,
COLOUR INTENSIYY ’ !
§. Unless otherwisc agreed between purchaser and vendor, the colour intensi ty 3
of the caramcl siall be not Yuss than 20 000 EBC units when determined by
the method deseribed in Appendix B,
. COTPER 7
. - ;
6. Tie cararact shall not contain more than 20 parts per million of copper, Cu, ;
caleulated on the dry basis and determined by ‘the mcthod described in '
B.S. 3210%. 4
 ARSENIC =
7. The caramet shall not contuin more than 3 parts per million ef arseni
calculated on the dry basis 2nd determined by ¢
B.S. 3210%, ) -
LEAD
8. The caramel shall not contain more than 5 parts per million of lead, Pb, ;
caleulated on the dry basis and Getermined by tie method described in L
B.S. 3210, '
1
. »~
¢ B.S. 3210, ‘Mcthods for the analyvsis of water-soluble coal-tar dyes permitted for use in - !
foods',
. L]
S .
. -
. . ) .
»
. K3
. * -
. -
. - . . .



B.S. 3374 : 1965

APPENDIX A

METHOD FOR DETERMINATION OF DENSITY OF CARAMEL
SOLUTION AND CALCULATION OF SOLINS CONTENT

Al. Decfinition. For the purposes of this British Standard, the density of a

. Jiquid at ¢ Cis taken as the weight in air, in grammcs, of one millilitre of the
& o

liquid at £°C against weights adjusted to balance brass weights in air.

" A2, Apparatus. Density bottle complying with B.S. 733*, of capacity 50 ml.

A3. Procedure. a. Weigh 10-00 g of the caramel, dissolve it in freshly boiled
and cooled distilled water and dilute the solution to 160 mf at 20 +- 0-1°C in
a volumetric flask.

b. Clean and dry the bottle and weigh it to the ncarest milligramme.
. Using freshly boiled and cooled distilied water at 20 -t 0-1°C, rinsc the bottle

several times and then fill it, inserting the stopper in such a way that the
capillary is completely filled with water. Dry the outside of the stopper and
bottlc and weigh.

¢. Empty the bottle, rinse it scveral times with the caramel solution at
20 -k 6-1°C and then fill it with the solution. Insert the stopper as lmforc. dry
the outside of the stopper and bottle and weigh,

Ad. Calculatiens. a. Calculute the density of the carame! solution from the
formula

0- 997’ W,
Dcnsuy = -

g/ ml,
where B = weight, in grammes, of water, conlamcd in bottle at 20°C,

W; = weight, in grammes, of caramel solution, contained .in bottle
at 20°C,

and 0:9972 == weight of 1 ml of froshly distilled water at 20°C against hrass
; 4 ) 8
weights in air of density 0-0012 g/ml.

b C'\lcula tc the solids content of the caramel frem the formula:
Solids content, per cent wiw = 2688 {Density minus 0:9972).

* B.S. 733, ‘Density bottlcs’.

[
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APPENDIX B
METHOD FOR MEASUREMENT OF COLOUR INTENSITY*

B1. Principle. A soluticn of the caramel, of suitable known concentration, is
compared visually with a permanent colour standard. The colour intensity is
expressed in arbitrary units, being calculated from the designation of the
matching colour slide and thc concentration of the solution. '

B2, Appsratusi.
a. Colour corpurator.
h. Glass cell suitable for use with the comparator. of 25 mm thickness.
¢. Glass colowr slide, 2070 EBC.
NOTE. EBC slides ure compesed of superimposed Lovibond Red and Yellow shides. The

- value of the 207 <liGe is equal 10 4R -+ 1SY where R and Y are the values of the Red and

Yeitow slidzs, respectively, on the Lovibond Scale.

The chromaticity co-ordinates of the 207 slide on the C.LL. system are: .

o X =097y - 0443 2 - 0-060. .

d. Source of ariificial north daylight: Commission Internationale de
FEclairage standard B (cquivalant binck body radiation teperature ==
4800°K) at an inwnsity of 100-1000 lux {approzimately  i0-i6) foot
lamberts) and employing a white reflecting surface of over 95 per cent
reflectivity. .

B3. Procedurc. a. Prepare a 0-100 per cent w/v solution of the caramel in
freshly boiled and cooled distilled water. If the solution is not briliiznt, clarify
it by centrifuging, but nor by ltration.

b. Place the solution in the cell and compare it with the EBC slide. For
the comparison use cither diffuse nerth davlight or the source of artificial
nosth dayligit specificd above,

NOTE 1. Caramicl solutions often leave a very adherent deposit on the sides of the glass
cclis, usually invi<ible, bt capab’e of affecting the colour reading ot teincd. This fife s most
readily removed by washing with a dilite solution of sadium carbonate or sediiin hydroxide.
1t can also be removed by rubbicg with cotton wool. ' I
NOTE 2, Cells should be checked from time to time to make sure that when filled with
distilled water thicy do not show any colour reading. .

B4. Reporting of resslt. The 207 EBC slide. used in conjunction with a 0-100
per cont w/v soltuiion ol ibe caramel in a 25 mm cell, correspods to a colour
intensity of 20 000 128C units,

Report tic colour intensity cf the test solution as *Not Iess than 20 000
EBC units” or us *Less than 20 609 EBC units’, as appropriate.
* This mcihod is based on Methad J04E of the Europeuan Beewery Comvention (ERC).
t Suitable apparaius is obtainable from Tintometer Ltd., Salisbury, Wilts,

7

B.S. 3874 : 1965
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INTRODUCTION

The object of this study was to establish adequate

safety of Caramel Colors A-and B after repeated
. >
ingestion, The study was designed to determine if

any 1l1 effects or pathological changes are produced'

in albino rats when large doses of caramel colorn A

and B are admixed to the daily diet for a pcrlod of

- three months,

1030,




TO: Union Starch and Refining Qo.
Page 1 -
EAFERIM:NTAL FROCZDURE:

Sho Animals - Sprague-Dawloy albino rats woro used in this study,
heanlirg rats were divided into groups of 20 animals each, ten of
which were malcs and ten females,

Kiintenance.~ Al) animals were maintained in individual cages and
ciosely oboscrved for sisns of 111 effect or abnormal. behavior,

The rats were fed Purina Laboratory Chow which was given ad libitum ,
Weekly food consumption recorded(Tables IV, V, and VI), Water was
given ad libitum, )

VWelghts of all the animals were recorded weekly and are shown in
Tables I, II,-and III, 4

-

Dosage Levels = The caramel colors were admixed to ground Purina
Laboratory Chow, The mixture was Prepared weekly and the dosea were
recalculated using the average food consumption records,

The dosage levels were as follows:

Group I ~ High Dose € Caramel Color A =10 gms/ldlogram
: body weight,

Group II - High Dose of Caramel Color B = S5gms/ldlogram
body weight, : .

Group III - Control -

Blood, Urire and Tissue Studies

Blood tests were made at the beginning of the study, and at monthly
intervals thercafter, The tests were carried out using Schillings

Classification. The results are shown in Tables VII, VIII and IX,

The tests included the following:

Red Blood Count

Hemozlobin

Hematocrit

White Blood Count

_ Differential Count

Urine analysis were performed at the beginning of the study and at
monthly intervals thereafter, The recults are shown in Tablos X,
X and XII, The following were observed: ‘

Albumen
Acetone
Sugar
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‘\”('\ At the end of the experimental period 10 animals from each group

were sacrificed and examined for cigns of gross systemic damage,
The following organs were removed for micropathology:

o . liver - Heart : v
| o . Spleen Gastrointestinal tract '
L ’ Pancreas Lymphoid Elements

| Lungs Adrenals

1 Kidneys Thyroid

i Brain Parathyroid

|

The tissues wefe preserved in 10¥% neutral formalin and subsequently
iwbedded, sectioned and stained with Hematoxylin and losin,

The microscopl¢ examination of the organs was performed by
W, R, Platt, M,D,, F.A.C,P.,, Patholozist, *
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RISULTS AND DISCUSSICN

Group I -
Hizh Dose of Carawel Color A - 10 grams/Kg.

The animals of this group showed normal weight gain(Table I),
Food consumjtipa was within normal limits and compared favorably
with that of the control animals(Table IV).

-
~a

The blood picture(Table VII) is normal and shows no significant
Lematological alterations as compared to the control gnimals,

Urine analysis did not reveal significant abnormalities as
compared to the control group(Table X).

- 7>~
autopsy revealed no gross systemic damage, The micous layer of the
gastrointestinal tract showed some coloration of the caramel color
but this is not remarkable and is certainly to be expected at such
high dosage levels, Moreover, microscopic examination of the sections
“of the intestinal tract did not disclose any degeneration changes whatsoever,

Microscopic description:

Rat No, 1 -~ Sections of brain, lung, liver, heart, thyroid, parathyroid, ;
kidney, adrenals and gastrointestinal tract chow no significant microscopic ~
. changes, There is no evidence of any infiltration of inflammatory cells, no
evidence of any specxflc degenerative process .and no evidence of marked
congestion,

Rat Ko, 3 = Sections of spleen, skeletal muscle, attached cartilage and lung,
together with heart muscle, kidneys, pancrcas and portions of the gastro=-
intestinal tract show no signlflgant microscople changes,

Rat No, 5 = Sections of upleen«;~;ng, liver, gastrointestinal tract,skeletsl
muscle with focal cartilage, pancreas and portions of the large bowel and
kidaey show no significant microscopic changes,

Rat No, 7 - 8ections of the tissues from this animal show no evidence of any
inflazmatory,degenerative or neoplastic process, These include sections of
the brain, lung, liver, hecart, sdlivary gland structures, kidneys and
portions of the gastrointestinal tract,

Rat No, 9 = Sections of the brain, lung, liver, heaft, salivary glands,kidneys,
adrenals, spleen and portion of the gastrointestinal tract show no signiiicant
microscoric changes,

Bat No, 10 - Sections of the brain, including the Sommer's Sector, show no
evidence of degenerative, neoplastic or glial infiltration, no loss of
pyrrasmical cells, The lungs are not remarkable, ldiver, heart, salivary gland
structures, spleen, kidaeys and portions of the gastrointestinal tract show
no evidence of degenerative, ncoplastic process,
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Group I - Cont,

Rat No, 13 = Secticns of the splecn and kidney show marked interstitial
congestion, The liver shows some congestion around the portal triad areaes,
The rest of the secticns from the brain, gastrointestinal tract, pancreas,
heart, lung and brain, including Sommer's area, show no evidence of any
microscopic histologic changes, ‘

Rat No, 15 = Sections of the brain, lungs, liver, myocardium, spleen,
kidney and portions of gastrointestinal tract show some slight interstitial
renal congestion, otherwise not remarkable,

Rat No, 17 - Sections of panéreas, kKidneys, gastrointestinal tract, myocardiuxa,
liver, lungs and brain and portions of the spleen show some slight congestion
of tze splenic sinusoids, otherwise not remarkable,

Rat No, 19 -~ Sections of the lungs show lynphoid aggregates around the
larger branches of the bronchi and bronchioles and in the subpleural
area with moderate to marked interstitial congestion, The alveolar
spaces are not remarkable, Sections of the brain, liver, -myocardiunm,
pancreas, salivary glsnds, kidneys and gastrointestinal tract show no
other significant microscopic changes,
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Group II

o,

- -

High Dose of Caramel Color B = 5 grams/Kgz,

The animals of this group showed normal weight gain(Table II),
Food consumption was within normal limits and compared favorably
with that of the control animals(Table V).

The blood picture(Table WIII) is normal and shows no sipgnificunt
hemgtolosical alterations as compared to the control animals,

Urire analysis did not reveal significant abnormaljties as compared
to the control group{XTable 1), .

Autopsy revealed no gross systemic damage., The micous layer of the
gastrointestinal tract showed some coloration of the caramel color but
this is not remurkabdble and is certainly to be expected at such high
dosage levels, Moreover, microscopic examination of the sections of

the intestinal tract did not disclose any degeneration changes whatsoever,

Microscopic description:

kKat No, 1 - Sections of brain, lung, kidneys, gastrointestinal tract,
myocardium, liver and salivary zland structures show no evidence of
any cicrescopic alteratiou, .

Rat No, 3 - Sectiocns of kidney show moderate interstitial congestion, '
Section of brain and Sommer's Sector area, lymph nodes, spleen, gastroe
intestinal tract, liver, lungs and salivary gland structures show no
significant microscoric changes,

030

Rat No, 5 - Sections of brain, lung, liver, heart, salivary gland structures,

¥idneys, lyzra nodes, spleen and gastrointestinal tract show no significant

wlcroscopic changes, :

Rat No, 7 -~ Sections of brain, lung, liver, heart, salivary,élands, Kddneys,

spleen, lyuph nodes and gastrointestinal tract show no microscopic alteration,

Rat No, 10 ~ Sections of brain, lung,‘liver; wyccardiug, salivary glands,

pancreas, «didneys, lymrh nodes, spleen and gastrointestinal tract show no
changes except in the renal pelvic-cortico-medullary junction there
appears to be some interstitial congestion, '

Rat No, 11 - Sections of brain, liver, myocardium, lung, salivary glands,

pancrezs, kidneys, and gastrointestinal tract show no significent micro-
scoxic changes, _ :
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Rat No, 13 - Sections of brain, lung, liver, heart, salivary glonds,
kKidneys, spleen, lymph nodes and gastroiutestinal tract show no
siznificant microscopic alteration,

Rat No, 15 = Sections of lung show minimal irterstitiazl infla*matory
reaction and some congcstion, otherwise not reuarxable. Sections of thne
liver, brain, myocardium, salivary glands, kidneys and gastrointestinal |
tract show no significant changes, , , ;-
Rat No, 17 - Sections of brain, lung, liver, myocardium, salivary glands,
Jddrey, spleen, lymih node and gastro;ntestlnal tract show no
cicroscopic alteratioen,

Rat No, 19 - .Sections of skin show intact -epldermis underlying corium,
otherwise not remarkadble, Sections of skeletal mmuscle show focal
arcas of calcification as if this could be portion of a bony muscular
inscertion. The rest of the microscopic patternm of the brain, lungs,
liver, myocardium, salivary glands, xidneys and gastrointestinal tract
are not remarkable,
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Control

The animals of this group showed normal welght gains(Table III),
Food consumption was within normal limits(Table Vi),

--

The blood picture(Table IX) is within normal limits.

Urine analysis(Table XIX) did not reveal significant abnormalities
with the exception of the occasional appearance of minimal traces
of slbumin arnd acetone which are considercd insignificent and
within the limi;s of the experiment, .
Autopsy revealed no gross systemic damage,*
Microscopic description:

Rat No, 1 -~ Sections of kidney showe marked interstitial congestion.
This could be due to the terminal sacrificial ether administration,
The rest of the structures - myocardium, liver, etc, = show no
wicroscoplc alteration,

Rat No., 3 = Sections of brain, lung, liver, heart, salivary glands,
kidneys, gastrointestinal tract and skin show no significant microscopc
changos,

Rat No, 5 = No alterations of microscopic pattern in any organs examined,

Rat No, 7 = Sections of braih, lung, liver, heart, salivary glands, spleen,
lymph nodes and gastrointestinal tract show no significant changes,

Rat No, 9 = Sectiocn of kidneys show moderate interstitial congestion, A
Section of the heart, liver, lung, brain and gastrointestinal tract show
no significant wicroscopic changes, : .

Rat Ho, 11 - Sections of kidneys show interstitial congestion, Sections of
the lungs show some thickening of the alveolar wall, The reast of the organs
including gastrointestinal tract, myocardium, liver and brain show no
significant microscopmic changes,

Rat No, 13 - Sections of spleen, salivary glands, skin and lymph nodes show \
congestion, otherwise not remarkable, Secticns of the brain, lung, myocardium
and gastrointestinal tract are not remarkable,

Rat No, 15 - Sections of the kidneys, gastrointestinal tract, salivary glands,
spleen, lymph nodes, myocardium, brain, lung and liver show no significant
microscozic changes, . \

Rat No, 17 - Sections of kidneys show interstitial congestion, Sections of liver,
myocardium, lung, brain, salivary gland, spleen, lymph nodes. and gastro-
intestinal tract are not remarkable,

Rat No, 19 - .Scctions of brain, lung, liver,‘myocardium, salivary glands,spleen,
lyorh nodes,kidrneys and gastrointestinal tract chow no significant microscopic
alteration, :

N
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CCHCLUSICHS AND U aRY s

The veight changes and food consumption of rats receiving high doses .
of Caram2) Cslors A and B are withdn normal limits and do not show .

gignitficant diffcrences from those of the contr,l animals, ; 0

Evaluation of the overall blood pdcture(TableXIII) shows it to be
within normal limite and reveals no significant hematological changes
in rats given high doses of caramel colors A and B,

, Urire analycis did not reveal siynificant abnormalities in the rats

receiving caramel colors A and B and was comparable to that of the
control animals,

, _
Sections of the tissues from animals treated with Caramel Colors A and B
ghowed no significant micrescopic alterations in gny of. the organs examined
ab compared to those of the control group. '

1030



Group I - High Dose of Jample

5y

TABLE I

RAT WEIGHT RECORDS
(Weight in Grams)

VWEEKS

AQ10 gramsfidlogram)

Total

% Totanl

14 ’
. _Sex Initisl 1 2 3 b 5 6 7 & 9 10 11 12 13 LE€,Change  Weirht Chan-e
F 55 & 0 175 150 200 220 200 225 240 250 250 250 . 260 + 205 + 372,72
F 60 75 130 160 170 185 200 210 210 210 220 225 230 . 250 + 190 + 316,65
F 70 &0 140 160 175 175 200 200 2C0 210 220 210 210 230 + 160 + 228,57
F S0 70 115 140 150 165 180 190 1% 210 210 205 210 220 + 170 + 340,00
F 65 90 150 180 190 205 215 230 240 240 220 250 250 260 + 195 + 300,00
F 60 85 10 170 185 205 220 235 20 B0 255 265 . 260 270 + 210 + 350,00
F 65 & 140 155 180 195 210 210 230 2520 &5 &0 255 265 + 200 + 207,59
F 50 60 110 110 135 140 150 150 . 160 190 175 185 195 190 + 140 + 260,00
F 55 &0 120 140 150 165 175 180 175 190 190 200 2C0 205 + 150 + 272,72
) F 65 &5 10 160 160 165 150 180 200 210 215 210 215 235  + 170 + 261,53
ELRAGE 59.5 79.5 120,5 156.0 168,5 190,0 196,0 198,5 207.5 220 221 225 227.5- 238,55 + 179,0 + 302,98
. M. 65 % 160 170 230 270 250 250 265 305 320 350 370 280 + 315,0 + L84 61
4 M 80 105 170 165 220 270 275 290 300 330 350 360 365 375 + 2% + 268,75
) M 75 100 165 170 250 285 380 290 30 3L0 260 390 , 415 Lo + 355 + 472,3
: M €5 90 150 180 240 260 290 290 300 320 335 . 365 290 Los + 3%0 + 523,07
: M S5 75 120 150 18 220 24O 250 260 290 2% 300 |, 310 220 + 265 + L81,81
: M 60 & 10 130 130 210 240 250 2600 300 310 340 355 375 + 315 + 525,00
’ M 75 100 160 175 250 270 28 %0 310 2350 3z 370 280 400 + 35 + 433,33 .
i M 65 & 150 155 225 255 270 280 280 315 320 350 260 380 + 315 + L84 61
> M 65 % 150 160 225 255 280 285 290 310 320 3o, 350 260 + 295 + 453,84
> M 75 100 150 175 230 0 265 270 275 315 330 320 20 250 + 275 + 265,66
ERAGE 68,0 92,5 151,5 163.0 225.5 254.5 267.5 275.5 284.0317.5 329,5 3485 263,5 3772.5 + 3C9.5 IR 459,50
+« Male and . ’ : :
erale 63.75 86 141,0 159,5 197.0 22225 23L,75 237.0 24575 26875 275,25 286,75 295,50 308 + 245,25 + 381,24

0€0:
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TABLE IX

RAT WIGHT RECCRDS
(Weight in Grams)

GROUP I1I ~ High Dose of Sample B(5 grams/Kg)

‘ : WELKS o : : L
Kat ‘ . ' Total % Total -
No. Sex Initiadl 1 2 3 4 5 6 7 8 9 10 11 12 13 Wt.Chenge VYeight Change
1 F 60 85 130 150 160 170 18 190 200 210 220 240 2ko 260 + 200 + 333.33
2 F 55 Yp) 140 145 190 200 220 220 225 2% 240 250 . 250 ¢ 2260+ 205 + 372,72
3 F 65 &0 150 160 175 190 200 215 225 =240 240 2lhs 250 260  + 1% + 300,00
b F 55 75 120 140 175 200 220 2lo 260 65 270 275 280 290  + 275 + 427,27
5 F 65 90 145 160 180 190 190 210 210 240  2kO 240 250 &0 4+ 185 + 284,61
6 F 70 &5 25 150 160 185 210 220 2:0 25 250 2hs 250 250 + 180 + 257.1k
7 F 55 &5 150 170 190 200 220 230 220 2k0o 245 250 250 260+ 205 + 372,72
8 F Ls . 65 9 115 140 150 180 . 18 15 185 190 210 250 250 + 205 .+ 455,55
9 F 60 8o 120 150 155 165 18 195 1¢0 195 210 - 215 220 220 + 160 + 205,66
10 F 70 %5 140 120 170 180 200 210 20 230 235 230 245 240+ 170 + 242,85
AVERAGE 60 81.5 130 147.0 169,5 183 202 212,5 215.,5 227.5 23k 2Lo 248, 24,0 + 194 + 331,28
11 M Y5, %5 170 150 180 230 250 265 250 320 45 355 370 340+ 265 + 353.33
12 M &o 105 170 170 220 245 250 . 260 285 310 3X0 360 370 380 + (0 + 375,00
13 M g0 100 160 190 210 250 260 270 20 300 - 335 345 360 375 + 2% 4+ 208,75
14 K 70 .90 170 175 210 235 240 260 270 310 335 345 250 390 + 320 + 457,14
15 M 60 Y5 150 160 18 220 220 2% 250 290 310 330 360 370  + 310 + 515,65
16 M 65 &5 120 150 200 225 275 280 2¢5 300 305 320. 345 375 + 310 3 476,92
17 M 70 1C0 165 180 200 245 240 2kO 2k5 270 300 360 370 360  + 290 + b14,28
18 M - 75 100 140 190 220 225 225 235 250 290 X0 310 ¥ 330 . %0 + 2& + 380,00
19 ¥ 65 9% . 170 18 220 240 2% 245 2k5 290 315 320 345 370  + 305 + 469,23
20 X 7B 1C0 170 190 195 245 2o, 245 220 290 300 330 350. 380 4+ 305 + L0G,66
AVERAGE 715 9.5 1585 17,0 24,0 226 243 253 24 297 317.5 3385 355.0 370.0 + 298.5.  + 427.79

Av.Male and "

Female 65.75 88,0 144,25160,518575 209.5 217.75 222,5 22975262.25 275.75 289.25 201,75 312,00+ 246,25  + 380,53

P
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TABLE IIX

RAT WEIGHT RECORDS
(Weight in Grams)

GROUP III - CONTROL

Rat . : o Total . % Total

12 00~ PN 5\l DY b

Yo, &% Initial 1 2 3 4 5 6 7 8 9 10 11 - 12 13 Vit Change Wt.Change
3 65 & 140 170 190 200 200 230 24O 250 . 250 260 260 260 +19%5  + 300,00
F 65 D 120 140 150 160 175 190 1%~ 210 200 210 210 220 + 150 + 230,76
.® 60 80 120 155 180 190 210 230 240 250 2Lo 250 2ko 250 + 190 + 316,67
® 55 70 120 160 160 170 1% 2c5 210 220 220 225 2hko 240 + 185 + 326,75
T 60 90 1k 160 180 ° 180 1% 210 210 230 235 230 250 230 + 170 + 283,33
2 65 & 140 160 190 2060 210 220 220 2hs 2h5 260 260 260 + 1% + 30,00
T 65 & 160 180 220 220 240 25 260 260 280 28 200 305 + 240 + 269.23
o 45 5] 100 120 1320 1k0 150 160 160 175 170 1%0 190 190  + 145 + 322,22
g 50 70 110 150 170 190 215 230 240 265 270 275 270 260 + 230 + 460,00
o .® 55 90 150 160 200 205 25 240 240 250 250 255 270 265  + 25 + 360,90
- AVERAZ  5&.5 80,5 130,0 155.5 177.0 185.5 201,5 218,0 222,5 235.5 26,0 '244,0 249,0 250 - + 191.5 + 320,5%
11 o 60 . P 170 170 235 23 270 250 320 305 34O 360 370 3¢0  + 320 + 550,00
12 ¥ 75 105 190 190 280 320 . 325 345 350 390 . Loo 4z 450 Lo + 265 + LES,66 °
13 4. 80 1¢0 175 1700 250 280 205 350 320 260 380- 390 410 A20  + 240 + 425,50
4 70 100 180 180 260 200 320 220 320 380 330 415 425 420 + 360 + 514,28
15 d4° 55 €0 8o 100 115 130 140 170 19 220 235 Y 2hc . 230 250 + 1% + 354,54
16 4 - 60 &o 150 195 - 2k0 270 290 230 310 - 340 . 340 350 370 380 + 320 + 533,33
17 1 7 100 170 210 50 265 290 285 300 340 350 350. 260 370 + 2% + 393.33
18 1 65 90 165 180 220 260 300 320 310 350 350 385  LoO Los  + 340 + 523,07
19 o €0 80 160 210 230 260 275 200 05 320 335 335 350 360+ 300 + 500,00
20 75 100 150 185 230 250 270 280 290 310 335 340 340 350 + 275 + 265,65
AVERAE 67,5 91,0 159.0 179,0 232.0 257.0 278.5 290,0 302,0 3315 3445 359.5 370.5 379.5 + 312,0  + 464,73
Av Mede and o ’

Ferste | 63.00  85.75 144.50 167.25 204,5 221.25 240.0 254,0 262,25 283.5 290.25 30175 309,75 314.75+ 517 + 397.83

P

.-y



GROUP I

TABLE IV

FOOD CONSUMPIION IN GRAMS

Av.Male and 138,00 149.75 129.5

Fezale

140.00 140.50 138,25 140,25 - 135,75 14450 130.50

148,75.152.50 167.0

- High Dose of Sample A(10 grams/iilogram)

- ‘ WELKS - : Ave
Rat . ~Total Wkly Fo
No, Sex 1 2 3 b S 6 Yi 8 9 10 11 12 13 Food Con, Cons.
1 F 135 155 110 120 120 115 115 105 0 100 - “115 135 105 1580 121.53
2 F 145 145 100 140 125 135 130 125 105 105 = 100 115 120 1590 1e2,20
3 F 135 155 135 135 130 135 125 130 25 175 100 125 110 1685 129.61
b F 120 115 115 155 110 115 125 120 125 100 155 - 155 155 15635 125,76
5 F 145 145 100 120 10 135 140 110 120 125 145 100 130 1655 127,20
6 F 145 150 135 150 155 155 130 125 140 155 135 135 1:5 1315 129,61
7 F 125 150 100 110 150 155 155 135 145 100 135 15 125 17:0 133,07
8 F 120 155 % 110 105 95 . 100 100 105 % . 105 5 120 1400 107.69
9 F 120 145 125 125 115 105 13C 115 120 100 % 115 125 1545 118,84
10 F 135 155 % 175 140 145 155 140 150 140 155 155 155 1835 142,69
Lvgrage 133.5 147,0 112,0 128.0 129.0 129.0 120.5 120.5 128.,5 113.5 124,0 125.5 128,0 1649. 126,84
11 M 150 155 155 - 160 140 135 150 135 160 155 190 180 190 2C55 158.07
12 M 135 150 140 155 155 155 155 140 160 155 175 160 210 2C45 157.20
13 M 155 165 140 150 155 160 135 155 170 155 220 205 215 2180 . 167.69
pUTI 155 - 150 125 150 . 160 140 150 155 160 155 - 180 180 240 2100 161,53
15 H 15 155 155 155 145 135 155 140 150 120 110 160 150 17 144,23
16 M €0 155 150 160 . 1b40 155 160 155 160 155 155 2C0 2o 2135 164,23
17 M 140 145 155 145 150 155 150 155 160 130 130 150 160 1925 1L3,07
18 MK - 120 155 155 150 160 145 150 165 160 155 210 180 2L0 2155 265,76
19 M 125 140 150 1L0" 155 155 140 155 165 140 . 1% 170 190 2020 155,23
20 K 10 155 . 14S 155 160 10 155 155 160 155 170 210 . 225 215 165,45
Average 142,5 152.5 147,0 152,0° 152.0 1475 150,06 151,0 160.5 147.5 173.5 179.5 206,0 2061,5 258.57

1855.25 1k2,7C

060



TABLE V
FOCD CCOHSUNMPLITON IN GRAMS
. GROUP II ~ High Dose of Sample B(5mg/Kgz.)
‘ WEEKS

: Av.
RPat ‘ ' - Total Food
No. Sex 1 2 3 4 s 6 7 8 9 10 11 12 13 Yood Cons, Consun
1l F 115 105 & - 120 150 140 125 115 120 120 . 105 ° 105 100 1495 - 115.CC
2 F 15 155 120 130 150 15 135 135 140 - 100 15 125 155 17LO _ 135,84
3 .Fr 1% 145 100 120 130 10 150 “1hS 155 100 - 145 10 150 1685 129,61
L F 100 1:5 105 140 . 160 155 155 155 155 105 125 125 15 1750 . 134,61 .
5 F 15 15 105 155 65 155 155 155 155 100 125 150 155 15 142,69
6 F 110 15 110 - 130 1318 120 - 145 150 150 125 100 120 130 1660 127,69
7 r 15 195 115 145 165 145 140 155 155 1¢5 120 115, 15 1765 135,76
8 F es5 2135 1CO 130 160 120 © 120 15 140 110 130 1c0 136 1605 123,66
9 F 120 140 110 120 150 120 130 155 155 1C0 115 110 15 1660 126,23
10 F 120 155 10 130 150 135 155 155 " 155 115 12C 120 125 1775 . . 135,53
Average 115,0 1L4,5 107.C 132,0 148.5 133.5 140,0 1445 147.0 109,0 122,0 122.0 1% 1701,0 ’ 130.841
11 M 155 20 155 140 145 155 160 135 165 150 1190 © 200 190 20A0 158,46
12 1 4 155 120 145 135 140 160 150 140 160 155 © 220 160 230 2o - 160,76
13 M . 120 150 140 145 155 150 150 145 165 150° 2G5 170 185 2Cko . 156,92
14 M 150 145 155 150 155 - 155 145 155 170 150 180 10 247 2150 165,328
15 | A 150 155 135 150 145 160 155 160 160 150 - 210 120 200 ¢21.0 165,07
16 M 135 150 150 155 150 155 - 160 155 160 145 . 210 165 240 2150 165.38
17 M 155 140 150 145 155 160 145 165 160 155 ™ 2% 20 140 2150 165,38
18 M 125 150 155 1L 1b4s © 150 155 155 165 160 180. 160 200 065 158,04
19 M 155 - 140 150 155 145 155 150 155 170 « 150 190 210 215 240 : 164,61
20 ) 4 155 135 140 155 150 160 195 160 160 155 170 220 240 2145 265,00

Average 146.5 141,5 1465  147.5 ; 147,5 156.0 152.5 151,5 163.5 153.0 198.5 193.5 213.0 2111.0 152,38
- &v,Male and 130.75 142,0 126,75 139,75 148,0 144,75 146,25 148.0 155.25 131.0 160,25 157.75 174.5 1906.0 146,61

00



/

‘Female

35.50 113,25 126,25 133,75 . 128.25 133.75 132.25 146,50 134.0 155.5

169.25 169.25 1772.5

-

l\;

T/BLE VI
FOOD CONSUMPTION IN GRAMS
GROUP III =~ CONTROL
| WEEKS _ Ay WK1
Rat : ' ’ Total - Food
¥o, Sex 1 2 3 L 5 6 7 8 9 10 S S U 13  Food Cons, Consum
1 F %5 130 85 100 120 105 105 15 135 120 1% . 15 % 75 - 113.46
2 F 90 120 &5 105 115 %5 100 100 100 195 110 125 155 1495 115,00
3 F 95 140 €0 135 145 105 125 100 105 100 125 150 115 1520 115,92
L F 80 135 80 110 110 105 125 115 140 110 125 115 155 1505 - 115,76
5 F 80 130 90 130 150 125 130 120 135 105 135 115 125 1570 120.76
6 F 105 155 Y 100 120 100 115 105 100 105 125 145 145 1510 116,15
7 F 115 135 105 105 115 125 .15 0 125 120 125 130 %5 120 1540 118,46
& F 80 100 60 90 110 %5 5 100 100 % 100 125 130 1280 98,48
9 F 7 100 115 120 130 125 120 120 130 110 135 125 115 1520 116,92
10 F 1C5 155 115 120 .~ 110 105 155 110 120 100 105 135 135 1570 © 120,76
hverage 92.0 129.0 90.5 11,5 122,5 108,5 119,5 112,0 119,5 , 116.,5 122,5 125.5 129.0 1498,5 115.26
11 ¥ 125 150 125 . 150 160 150 155 130 155 155 200 1% 1% 2095 161,15
12 M 135 155 155 155 145 155 160 155 195 155 210 210 20 215 o 163,07
12 M 125 155 - 155 155 150 160 150 155 - 175 160, 1%0 155 1% 2115 162.69
U 120 155 155 140 155 155 155 155 195 150 195 215 2ho 2185 168,07
15 M 55 &5 65 %0 105 100 100° 15 155 120 , 130 140 155 1425 109,61
16 n 110 125 150 10 © 135 150 145 155 175 160 240 210 240 2135 164,23
17 K 125 140 120 130 145 155 135 150 180 155 190 190 1% 1990 153.C7
18 M 125 155 155 . 150 150 165 160 5 170 155 150 220 2ho 2180 167.69
19 X 115 145 120 145 150 140 165 150 165 155 175 185 200 2010 . 154,61
20 M 125 155 160 155 155 150 155 - 155 170 150 185 -~ 190 240 2145 . 165,00
Averagze 11,0 142.0 136,0 141,0 .145,0 148,0 148,0 152.5 173.5 151,5 188,5 19,0 209,5 2046.5 157.42
Av,Vale andlO4,0 1

126,34



" TABLE VII

BLOOD FICTUKE -~ RATS
CROUP I - High Dose of Sample A(J.O g‘rams/}d.logram)

Differential Count

: : : Hemoo'lobin Hemato- o Lok
Grr and Rat RBC in (gms per crit Eoxino Baso Myelo Juven Segmen-Lympho Meor
Dosa level No, Sex millions 100 cc,) wvol % W"BC rhiles philes cytes iles Stab ted cytes eyt
Group I 1 ¥ Initial &,0 1l0.6 56 11,500 1 - - - - 19 76 X

A 1 month 7.7 15.8 51 12,000 3 - - . - - 18 79 3
3 months 8,1 17.0 LS 11,400 L - - - 1 20 . 72 L
2 F Initial 7.8 17.2 50 14,500 1 - - - - 53 42 1
1l month 8,2 18,0 54 . 13,000 2 - - - 2 14 &4 -
2 months 8,0 16,0 56 16,000 - - - - - 35 64 -
3 months 8.4 18».2 51 15,200 1l - - - - 20 53 2
3 F Initiel 8,6 16.6 43 15,000 1 - - -~ - 39 57 1
. 1l cmonth 8,7 18,4 52 11,300 7 - C- - - 2?7 - 66 7
2 months 8,4 16,8 51 10,450 © 4 - - - - 16 78 4
3 months 8,5 16,0 50 8,400 1l - - - - 20 65 -3 -
4 F  Initial 6.5 13,6 43 16,3200 1 - - - 1 23 2 R B
' 1 centh 7,7 18,0 50 12,700 12 - - - 1 3% 51 ‘12
2 months 7.7 17.6 50 12,650 5 - - - - & 70 ‘5
: 3 months 9,8 17,0 53 14,350 7 - - - - S 67 1
5 F  Initial 6.8 14,4 L3 12,100 - - - - - 29 69 -
1 month 7.9 16,8 50 12,050 11 - - - 1 23 65 11
2 months 7.7 16,2 L5 15,0C0 2 - - - 2 35 €0 2
3 months 7.8 17.4 51 13,300 1 - - - - 28 70 1
6 F Initial 8,1 15,5 51 19,800 1 - - - 3. 20 w1
1 month 7,3 18,2 50 17.7C0 7 - - - - 32 61 -7
2 months 8,5 17.5 54 14,500 4 - - - 1l 29 64 4
3 months 8,1 18.8 50 19,400 2 - - - - 29 67 - 2
7 F  Initial 7.8 16.8 46 . 15,400 - - - - b S 60 -
1 month 7,8 16,8 L6 14,300 2 - - - - 18 &0 2
2 months 8,7 17,4 L9 19,200 l - - - - - 28 g1 ) §
, 3 months 9,0 17.0 47 15,700 - - - - - 717 82 b
8 F  Initial 8,1 17.8 4s 13,700 - - - - 2 19 B -
1 month 8.9 19,6 58 15,800 3 - - - - L~ 53 3
2 months 7,5 . 18,8 52 16,000 - - - - = = 38 59 -
3 months 8,6 . 19.4 55 17,050 3 - - - - "t 28 64 . g
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TABLE VII(Cont,)
BLOOD PICTURE = RATS
Group I ~ Eigh Dose of Sample A
\
Hemoglobin Hemato- N ' ' ’ I
Grp and DoseRat ' RBC in (gems per crit Eosino Baso Myelo Juve- Segmen Lympho Monc-

level No, Sex rillions 100 cc) vol % WBC philes philes cytes niles Stab ted cytes cytes
Crp 1 9 FoInitial 7,5 15,5 49 15,200 - - - - 3 25 66 -
A 1l month 7, 17,6 54 14,800 1- - - - 35 64 1
' 2 months 8.5 17.5 -5 14,400 L - - - = 38 57 L
3 months 8.5 17.8 LS 12,3200 2 - - - - 22 5G 6
10 F Initizl 7.2 17,0 43 13,200 2 - - - - P 70 2
1 nonth 8.6 17.2 51 9,950 9 - - - - 26 55 -
2 mouths 7.5 16.2 L6 13,200 2 - - - - 48 g 2
3 menths 8,1 16,1 51 12,400 5 - Co- - 1 57 33 L
11 M Initial 7.6 17.4 L6 11,600 - - - - - 153 53 b
1 ronth 8.3 17,2 . 50 19,3C0 .1 - - - - 21 78 -
2 months 9.0 15,4 51 17,000 2 - - - - % 59 5
3 months 7,7 15,0 52 = 12,500 3 - - - = 2% 69 2 -
12 M Initisl 6.8 16,0 47 17,000 4 - - - 2 43 45 6
1 month 7,8 16,2 47 20,000 4 - - - - 16 79 1
2 months 8,8 15.6 R X 13,000 - - - - - b &s -
: 3 months 7.7 14,8 50 16,700 1 - f - - - a2 77 by
13 M Initial 7.2 17,0 50 . 17,50 - - - - 3 k7 b5 5
1 month 7.4 16,8 50 - 21,000 3 - - - - 20 7 -
2 ronths 8.6 16.3 52 13,600 1 - - - 2 18 78 1l
3 months 7.4 15,1 46 20,400 6 - N - - - 21 72 1
4 M Initiel 7,0 16.9 L6 14,600 - - - - - 20 7N -
1l zonth 7.9 16,2 . 51 18,000 1l - - - - 16 81 2 .
2 months 7.2 16.8 51 14,200 - - - - - 15 81 b
Zmonths 811 16,2 - by 16,200 1 - - - - 10 88 .1
15 M Initial 7.7 16,0 5h 9,500 - = - - - 1 1 83 2
1 conth 6.5 16.6 53 16,500 Vi - - - 1 19 59 4
2 months 7,8 17.8 51 18,000 3 - - - - 31 65 1
3 months 7.3 13,2 48 15,700 3 - - - - 11 & 2
16 M Initia)l 9.9 15.4 39 14,200 - - - - 1l 15 79 5
1 zonth 8,4 17,0 kg 11,650 2 - - - - 18 79 1
2 months 8,7 17.8 52 14,800 1 - - - - ", 8 9 -
3 months 7.1 15.4 50 13,500 4 - - - - 16 g -
17 M Initial 6.8 13,8 L2 11,400 1 - - - - 55 4 1 C
: 1 month 7.9 15.2 sb 17,300 3 - - - - 22 7 -
2 zonths 8,3 15,2 50 15,800 2 - - - - 27 69 - 2
Tosnther 77 1 3 N s R aela’s) Ed - - - b 2% 7R o



TABLE VII(Cont) .
BLOOD PICTURE - RATS

GROU? I & High Dose of Semple A( 10 grams/kilogram)
' . Differential Count

Hemato~

Hemoglobin _ . . : -

Grp ard Rat RBC in (zms per crit Eosino Baso “~ Myelo Juven . Segmen Lymrcho Mo
Dose Level No. Sex rdillions 10C ¢e) wvol % WBC philes philes cytes iles Stab ted cytes cyi
Grp 1 1o i Initial 6,8 15,8 43 11,6C0 - - - - 1 32 64 3
A 1 month 8,4 17.4 47 15,000 - - - - 1 20 78 1
2 months 8,5 16,5 52 17,000 2 - - - - 33 60 5

3 months 7,7 154 50 13,650 - - - - - 30 €5 5

19 M  Initial 7,3 16,2 L8 17,600 - - - - - 36 63 1l

1 month 6,7 17.2 4o 12,C00 3 - - - -2 . &5 69 1

2 months 8,6 16,3 52 17,000 2 - " - - 16 81 1

' 3 moaths 8,6 . 16.7 51 13, 1l - - - - 20 79 -

20 . M Initial 6.2 15,0 42 11,100 - - - - - 50 Lg :

) 1 month 9/3 17,0 59 13,000 . 1 - - - - 12 87 - |
2 months 7,7 16,2 53 20,850 - - - - - 8 92 -
3 months 7.9 15,8 51 14,500 2 - - - - 28 68 2

-,

060



GROUP I -

TABLE VIII

BLOOD PICTURE = RATS

High Dose of Sample B(5 mg/Kg) ,
\ Differentiad Count T
. , Hemozlobin Hemato=~ : .
Urn and ERat RBC in (35 por crit Eosino Baso Myelo Juven Stab Segmen Lympho Mo
Dase level No, Sex rillions 1C0 cc) vol & /BC rhiles' philes cytes iles ted CVtt.S cyt
wrp 1l 1 £ Initial 7.% 14,6 be 17,200 - - - - 2 S 18 1
B 1 month 9,2 15,8 48 12,250 A - . - - - 37 58 1
2 months 8.4 15 .4 52 18,500 2 - - - - 24 60 Y
3 months (.8 S,0 bg 16,9C0 - - - - - 16 . 82 2
2 F Initial 6,1 14,6 40 12,600 - - - - - 20 77 -3
1 month 7.8 15.8 47 11,150 1 - - - - 25 72 2
2 mouths 8,0 15,0 Lg 17,056 - - - - - 10 & 13
3 months §,0 15,8 . b6 11,2c0 - - - - - 15 8 2
3 F Initial 7,2 17,8 ko 19,400 - - - - 1 33 66 -
1 nonth 7.9 15,7 L8 1£,000 6 - - - - 20 72 2
2 zmonths 7,9 15,8 L8 12,800 ~- - - - - 26 74 -
3 moaths 7,3 17,2 48 15,550 5 - - - - 40 52 3
4 F  1Initial 5.9 16.8 Ly 20,400 - - - - - 13 & 1.
1 month 6.0 15,2 Lh 19,600 2 - - - - L 4 -
2 menths 9,0 16,2 - S1 18,850 2 - - - - 23 72 3
. 3 ronths 8,3 15,2 47 20,450 3 - - - 1 21 74 1
. 5 F Iritial 7.5 14,2 Lz 14,500 1 - - - 3 32 64 1
1 month 6,7 14,0 47 19,7C0 12 - - - - 39 48 1
2 months 7,8 14,0 L9 15,750 1 - - - - 41 58 -
3 months 9,2 b4 50 11,150 - - N - - 1l 14 85 -
6 F Initial 6.6 12,4 39 8,600 . - - - T 23 77 -
1 month 7.0 14,6 L2 10,4C0 1 - - - - 29 . 61 2
2 months 7,4 15.1 Ly 9,500 - - - - - 3 72 1
3 months 8,6 14,6 49 11,150 2 - - - 1 41 53 3
7 F  Initial 6.3 18,1 42 "13,400 - - - - 2 32 64 1 .
l month 7.8 16,5 L8 19,700 - - - - - 34 64 2
2 months 8,7 17,6 50 - 11,550 5 - - - - 17 vi 4
3 months 8,8 16.4 Ls 13,400 1 - - - - 23 71 5
8 F Initial 6,9 17.6 50 15,3200 - - - - - 27 55 -
1l month 8.2 18,2 sS4 19,500 ? - - - 2 23 €8 -
2 monthg 8,7 - 16,6 - 55 17,550 4 - - - - .. 2k 68 b
3 months 8,2 17.3 52 15,100 9 - - - - 175 5o
-9 F  Initial 8,0 18.2 L8 11,250 - - - - 1 69 30 - W
1 month 8,4 16,8 48 12,000 3 - - - - 13 B 53<
2 months 95 15.? 52 19,000 3 - - - - A " -
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TABLE VIII(Cont)
BLOOD PICIURE =~ RATS

Hemoglobin Hemato- Differential Count

Grp und  Kat R3C in (gms per crit Eosino Baso Kyelo Juven Segmen Lympho Monc
Doone Lo, Clex millions  1CO ce) vol % W3C philes philes cytes iles Stab  ted cytes cytes
Gry 11 10 ¥ lnitial 6.0 1505 ) 18,200 p - - - 2 32 66 -
B 1l month §.8 16.2 4 17,000 4 - - - - S 7 -
2 months 8,6 15.0 Lg 17,500 l - - - - 12 & 2
3 ponths 8.2 16,0 48 15,700 - - - - - 18 73 2 -
11 M Initizl 8.0 15.6 L4 19,300 - - - - 2 42 54 1
1 month &4 - 16.2 52 13,000 2 - T -, - - 27 71 -
2 months 8,7 16,2 52 14,000 3 - - - - o) 72 -
3 months 6,8 15.0 Lg 12,700 .. = - - - - 10 82 2
12 " M Initial 7.3 17.2 47 14,800 - - - - 4 28 56 2
1 month 8.8 16.8 50 13,500 2 - - - - 39 66 -
2 months 9,8 17,2 - 48 16,000 1 - - - - 19 &o -
3 months 8,0 15.6 L5 12,650 - - - - - 15 83 2
13 M Initial 7.8 16,2 L6 15,800 | = - - - 1l 26 62 1
: 1 month 7.3 16,8 49 14,600 9 - - - - 24 66 1
2 ronths 8,9 16,0 50 - 15,000 3 - - - - 16 77 4
3 months 7,3 17,2 48 13,050 5 - - - - ko 52 3 -
14 M Initial 7.3 16,2 Ls. 17,200 1 - - - 2 31 65 2
1 month 6,7 14,4 L7 18,C00 2 - - - - 10 88 ‘-
2 months 8,1 16,5 - 48 19,6C0 1 -, - - - 26 70 3
, 3 months 8.3 15,2 42 13,500 3 - - 3 21 74 1
15 M Initial 7.4 164 ©obs 0 8,400 - = - - - -8 9 )
1l month 811 14,8 49 9,400 2 - - - - 10 83 -
2 months &,7 15.0 50 10,350 - -\ - - "2 88 -
3 months 9,2 14,8 50 16,500 - - - - 1 p L 8 -
15 M Initial 7,7 15,6 47 19,500 1l - - - 3 13 83 1
1l menth 7,7 15.0 : L7 17,300 11 - - - 2 15 72 -
2 ronths g.l . 15,2 1 15,200 2 - - - - 22 76 -
3 months 8,6 , 15,0 9 11,100 2 - - - 1 4 53 3
17 - M Initial g.} 16,0 L3 19,200 2 - - - 3 19 55 1.
’ 1 month 8,7 lz.h 2% 17,100 1l - - - - 14 5 -
2 rmonths d.g 16,2 ' 15,100 - - - - - 29 70 1l
3 conths 8, 15.4 Ls 20,800 1 - - - - 23 71 5
18 M Initial 7,8 15.8 48 8,200 - - - - 1 36 63 -
1 moath 8,1 16,2 50 14,000 1 - - - -. 36 62 1
2 months 8,8 16,0 50 9,800 - - - - - o 37 61 2
3 months 7,9 15,8 L9 15,000 4 - - - - 48 7

0¢0¢



TABLE VIII(Cont)
BLOOD FICIUR: - RATS .
, a ‘ Differential Count -
! Hemoglobin Hemato-

Grp and Rat " RBC in (gms per  crit Eosino Baso Mgelo Juven- - Segmen Lympho
Dona level o, Sex : millions 100 e¢) vol. & “BC__philes phils cytes d1iles 3tab ted  cytes
orp 11 19 L Initigd 6.8 14,2 L6 11,200 1 - - - 7 25 66 V
1l month §&,7 15.4 51 11,700 2 - - - - 22 7
2 ronths 9.6 15,8 50 9,600 3 - e - - 21 75
3 months 8,6 16.4 Lo 12,5C0 3 - - - 1 26 67
20 M Initial 7,5 - 14,8 43 19,200 1 - - - 4 . 61
1 nonth 9,0 17.2 55 16,400 2 - - - - 19 78
2 nonths 8,8 17.5 52 10,500 2 - - - - 34 64
3 months 8,5 16.8 50 12,500 1 - - - - 21 71
\

ey

0€0:



TABLE IX
BLOCD FICTURE =~ RATS
GROUP IIX - CCNTROL
' Differential Count
Hemozlobin Femato- '
Grp and , Rat ‘RBC 4in (gms per  erit Eozino Baso Myelo Juven Segmen Lympho Mono-
Dose level Nog  Sex rillions 100 cc) vnl % W3C philes philes cytes iles Stab ted cytes cytec
Control 1 F Initiad 7.2 1.4 L8 16,000 - - - - L 19 7% -
1 month 8,2 16.4 50 16,200 6 - - - - 5 69 -
2 months 8,7 16,6 51 17,100 2 - - - - 6 0 2 -
3 months 7.5 17,4 Ly 13,50 2 - - - 1 6 90 1
2 F  Initiel 6.6 15.3 43 10,800 . 2 - - - b 27 66 1
: 1 month 7,2 16,0 48 15,500 4 - - - 1 27 67 1
o 2 conths 8,8 17,8 52 15,000 L - - - - 29 67 -
: 3 months 9,2 15,9 51 700 - 3 - - - - 4o . 53 6
3 F  Initial 6.6 15.2 43 12,600 - - - - - 15 - 8h 1
1 month 7.8 16,8 48 . 12,900 4 - - - 1 4. 79 2
2 months 7,7 18,1 48 16,000 - - - - - 6 o% -
: 3 months 9,0 15,7 53 10,000 5 - - - - 3 58 6
4 F  Initial 7.0 14,8 Ly 8,800 - - - - 1 19 &o 1
1 gonth 8,6 16,2 51 7,550 6 -, = - - 3 61 1l
- 2 months 8,1 17,2 51 12,450 - - - - - 21 78 1
' 3 months 8,2 16,2 51 . 14,600 2 - - - - 22 69 2
5 F 1Initial 6,3 UM 43 10,900 - - - - 7 52 -
1 month 6,9 16,7 L7 20,050 7 - \" - - 20 73 -
2 months 8.6 © 17,2 50 18,800 - - - - - 29 71 -
‘ 3 months 7.5 17.5 Y/ 28,700 - 10 - - - 1 23 66 -
6 F Initial 7,7 15.3 48 . 16,100 - - - - b 37 59 -
1 month 6,7 17.8 50 12,250 13 - - - - .28 58 . 13
2 months 8,9 1 17.8 52 18, » 900 2 - - - - - & 2
-3 vonths 7,5 18,1 L9 17,500 - - - - - 34 64 -
7 F  1Initial 6,8 15,1 4o 9,500 - - - - - 34 66 -
1 month 9,0 17.2 51 13,3200 3 - - - - 2 71 3
2 nmonths 9,3 17.8 k7 14,700 3 - - - - 17 80 .3
3 wonths 8,4 15,0 48 14,500 4 - - - - 9 & 1
8 F Initial 7,8 15,2 47 16,400 ~ - - - b 32 64 -
’ 1 month 8,9 16.8 50 . 138,100 b - - - - 20~ 79 1 ..
2 months 8,5 16,6 L7 21,650 L, - - - 1 3 59 L S
N 3 months 8,1 16,3 47 20,500 - - - - - 37 Sh 7 <



BLOOD PICTUKE - RATS
GROUP III - CCHNTROL .
Differential Count

B

TABLE IX (Cont)

Hemo;:lobin Hemato-

Segmen Lympho Mono-

Gry and Rat R3C 4in (gms per  erit Eosino- Baso Myelo Juven
Dose lavel No, GSex rillions 100 ce) vol % VWBC philes cphils cytes iles = Stad ted cytes cytes
Group IIX 9 F Initial 7,8 16,3 43 10,100 - - - - 1 39 59 -
Control 1 sonth 7.3 17.3% 49 8,000 5 - - - - 22 72 5
2 renths 7.7 16,8 Lg 15,900 1 - - - - 3 €3 1
3 mouths 8,3 17.8 50 15,000 3 - - - - 24 66 7
10 F  Initial 7.5 16,2 48 13,600 - - - - 3 33 64 -
1 menth 8,9 164 51 12,100 12 - - - - 32 sk 12 -
2 zmonths 8,9 18,0 51 19,750 6 - - - - 22 71 6
.~ 3 conths 8,7 17.3 50 15,500 5 - - - =27 66 2
1} ¥ Initial 7.9 15.9 43 12,300 - - - - 4 4 . 52 -
1 month 8,3 17,2 50 19,300 1l - - - - 2 78 -
2 oonths 9,1 16,8 L9 19,8C0 2 - - - = 55 43 -
3 months 7,8 15,0 L7 15,700 - - - - - 20 73 1
12 ¥  Initial 6,8 14,2 45 13,000 - - - - 2 30 68 -
1 month 7,8 16,2 50 10,0C0 4 - - - - 16 79 1
2 ronths 8,1 17,6 51 15,900 1l - - - - 5 73 1.
3 menths 7,8 16,4 46 12,500 vi - - - - 28 63 2
13 M Iritial 6,3 14,6 Ly © 19,000 2 - - - 3 35 62 -
1 month 7.4 16.8 b7 17,300 3 - - - - 20 77 -
2 months 8,k 15,0 50 17,400 6 - Y- - - 2 72 -
3 months 9,2 15.7 L8 14,700 3 - - - - 14 83 -
14 B Initial 7.4 15.2 Y, 13,6C0 - - - - 1 39 60 -
1 month 7.9 16,2 50 18,000 1 - - - - 16 81 2
2 wmonths 9,0 16,8 51 10,300 1. - - - - 19 80 -
3 months 8,3 16 b4 Lg 12,350 L - - - - 27 67 2
15 M  Initial 7.5 14,8 L6 14,800 3 - - - 3 23 71 -
1 month 6,5 16.6 51 16,500 7 - - - 1l 29 59 L
2 months 8,2 16,4 54 17,900 1 L - - - - 27 72 -
3 months 9,1 15 .4 50 15,500 4 - - - - 3% 58 3
16. M Initial 7.6 14,8 kg 12,c0C 2 - - - - 2b 75 -
1 month 8.4 16.0 53 11,050 2 - - » - ™18 79 2
2 wonths 8,9 - 17,0 53 10,460 1 - - - - 33 66 . L -
3 months 8. 4 16,8 52 15,800 b - - - = 19 79 1

0€0;



TABLE IX(cont)
BLOOD PICIUR: - RATS

Ty

GROUP III -~ CONTROL
' Differential Count
o | Henolobin Hemato-
Crp wnd Rat ' RBC in 12 (gms per  crit Eosino Baso Myelo Juven Segmen Lymnho Mono
Pose lovel lia, Sax rdllions N0 cc) vol % #8C rhiles rhils cytes 4les Stad tegd cvtes  cytes
Croup II1 17 M Initial 8,9 18,0 57 16,400 - ‘- - - 8 29 62 -1
Coutrol 1l ronth 7.9 15,8 Lo 17,300 3 - - - - 22 71 4
2 ronth &,1 16,3 50 14,900 3 - .- - - 17 go - -
3 zonths 8,7 16,0 " L9 15,150 1 - - - - 11 88 -
18 ¥  Iritial 6.3 14,2 Ly 204100 - - - - 3 15 82 -
1 month &.4 18,0 54 15,000 - - - - 2 20 78 1
2 wonths 8,5 16.2 51 16,400 1 - - . - 5 64 -
3 menths 7,3 16,7 48 19,000 2 - - - ‘- 38 58 2
19 M Initial 7.5 16.2 47 9,100 1 - - - 3 32 6L -
1 month 6,7 17.2 47 12,800 3 - - - 2 25 69 1
2 menths 8,4 17.0 L7 12,8 6 - - - - 4y 48 2
> xonths 8,3 16,0 49 19,700 4 - - - - 39 53 L
20 M Initial 7.4 15,2 - L§ 11,000 - - - - b 29 70 -
. : 1 month 9.3 17,0 59 13,000 1 - - - - 12 87 -
2 months 8,7 17.6 50 9,200 - - - - - 11 89 -
3 months 8.9 15,7 50 15,000 3 - - - -, 2 73 1
N
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TABLE X
) RAT URINE
GRCUP I ~ High Dose of Sample A(10mg/Kg)
Rat "SUGAR ALBUMIN - ACETONE
Group o, Initial 1 mo, 2 ro, 3 mo, Initial 1 mo, 2 no, 3 ro. Initial 1 po, 2 mo, > ro,

Grpl 1 N N N N N N N N ‘N N N i
A 2 N N N N N "N N N N N N N
3 i N N N N N N N N N N N
L ¢ N N N N Tr N N N N N N
5 N N N N N N . Tr N N N N N
6 N N N N Tr N N . N N N ‘N .
? N . N N N N N Tr N N Tr N N
8 N N N N N N N Tr N N N N
9 N N N N N N Tr N N N N N
10 N N N N N . N N N N N N n
11 N N N N N Tr Tr N N Tr N N
) 12 N N N N Tr Tr N N Tr Tr N N
13 N N N N N N Tr N Tr N N N
14 N N N N N N N N - N N N N
. 15 N N N N N N Tr N ° N N N N
16 N N N N N N N N N N N N
17 N N N N N N "N N N N N N
18 N N N N N Tr Tr N N N N N
19 N N N N N Tr N N N N N N
20 N N N "N N Tr N N "N N N N

00!
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TABLE XX
RAT URINE :
GROUP II - High Dose of Sample A (5 mg/Kg)

"y

Rat SUG/R ALBUMIN ' . ACETONE _
roup Lo, Initial 1 mo, 2 o, 3 o, Initial 1 mo, 2mo, 3m0, Initial 1 zo, 2 mo, 3 mo,
rp II 2 N N N N N N N "N N N N N

2 N N i N N N N N N N N N

B 3 N N N N N Tr N N N N N N
4 N N ¢ N N Tr N N Tr N N N

5 N N N N N N K N N N N N

-6 N N N N N N N N N N N N

7 N N N N N N N N N N N N

8 N N N N N N. N N N N N N

9 N N N N N N N N N N N N

10 N N N N N N N N N N N N

11 N N N N N N N N N N N N

12 N N N N N N Tr . N N -~ N "N N

13 N N N N Tr © Tr N - N N N N N

14 N N N N N N N . N N N N N

15 N N N N N N N N N . N N N

16 N N N N N Tr Tr 4 N B N N

17 N N N N N N N N N N N N

18 N N N N N N N N - N N N N

19 N N N N N Tr i Tr N N N N-

20 N N N N N Tr N N . N N N -

N

050;



TABLE XIX . .
RAT URINE ' ‘ ' ‘.
GROUP IIXI ~ CONTROL ‘ : ‘

SUGAR ALBUMIN - ACETONE

Rat . : .
Group No, Initial 1 #0, . 2 mo, 3 mo, Initial 1 mo, 2 mo, 3 mo, + Initial 1lmo, 2mo., 3 rmo, -
Cc hi N N N N N N Tr N N N R N
Control 2 N N N N Tr Tr Tr Tr N N N N
* 3 N N N N ' N N Tr N R N N N
4 N N N N N N Tr N - N N N N
S:i N N N N N N N N N N N N
5 N N N N N N Tr ‘ N N N N
7 N N N N N N N ' N ' N N N N
8 N . N N N N N | N N N N.
- 9 - N N N N N N Tr Tr N N N N
10 N N N N N N N N~ N - N N N
11 N N N N Tr Tr N Tr Tr N N N
12 N N N N N N N + N N N N N
g 13 N N N N N N N B K N N N
14 N N N N- N - N Tr N - Tr N N N
15 N N N N N ‘N N N N N N N
16 N N N N N Tr N N N N N N
17 N N N N N . N Tr Tr N N N N
18 N N N N N N Tr N N N N N .
19 . N N N N N N N N N N N N
20 N N N N Tr Tr N N N N N N-



TABLE XIII
AVERAGE BLOOD PICTURE

o Differential Count
‘ Hemozlobin Hemato ' ,
' RBC in (grs per crit Eosino Baso Myelo Juven Segmen Lympho Mono-

Groap rdllicns 100 ¢c))b fol % WBC philes ghils cytes iles Stad ted cytes cytes
Group I VI Initial 7.04 16,19 L) 14,670 0,7 - - ~ 1,5  27.8 6b.2 0.7
A l - 10 1 zonth 8-% 1701’6 5105 13’%0 50? - - - O‘L; 2803 6507 [".6
2 months 8,13 17.10 Lg,9 14,675 2,6 - -- & 0k 31,3 64,3 2.6
_ 3 months 8,41 17.51 50,2 14,580 2,9 - - - - 28.3 63,6 2.2
© Male Initial 7.33 = 15,65 LG, 2 12,170 0,5 - - - 0.8 35,3 59,7 2.8
11 - 2o 1 month 7,85 16,68 50,7 16,375 2.5 - - - 04 18,9 5.8 1.4
2 months 8,2 16.39 51,3 16,125 1,3 - - - 0,2 20,4 95,2 1,9
3 months 7,72 15,69 Lg,7 15,560 2.2 - - - - 20,4 75,7 1.6
Average “ule Iritial 7,48 16,07 k6,5 13,420 0,6 - - - 1O 31,55 €2, 1,75 .-
and Iecale 1 month 7,9 17.07 2l.1 14,867 4,10 - - = Ob0 2360 70.75 3,00
1 - 20 2 nonths 8,22 16,74 50.6 15,400 1,9 - - - 0.0 25,8 70.25 2.25
3 months 8,06 16,60 49,9 15,070 2,55 - - - - 2k,35 69,96 1,90
Grcup II Fem=zle Initial 6.79 ’ 16007 . 142.,3 15 ’095 Ool - - - 009 2909 59.3 0,?
B l1-1210 1 month 7,56 16,08 47,5 15,720 4,0 - - - 0,2 25,5 68,3 1.3
; 2 montns 8,40 15,70 49,6 15,8585 1,8 - - - - 24,6 72,2 2,0
3 months 8,21 12,63 . L84 14,260 2,2 - - - 0,3 22,0 72,8 2.7
Fale Initial 7,49 15.80 - Is,.9 14,380 0,6 - ‘- - 2,7 28,2 67,6 0.8
11 - 20 ' 1 month 8.15 16,02 50,1 14,500 3,2 - - - 0,2 21,6 75,2 0.3
2 months 8,94 16,15 bo,9 . 13,755 1,5 - - - - 2kl 73,3 1,1
3 months 8,10 15,72 48,2 15,900 1,9 - - - 04 5,2 68,6 3.3
Average ale Ini 4 c l&h l{. - A l 80 6 lq.
d Temale nitial 7.1 1)-93 ol 1l 1737 0035 - - had 10 29005 3. 5 0075
an >0  lumoath 7.8 16.05 48,8 15,115 3,60 - - = 0.20 2355 71,75 0,8
1- 2 months 8,67 15,92 © 49,7 14,820 1,65 - - - 0,15 24,35 72,75 1,50
_ 3 ronths 8,15 15,67 48,3 14,580 2,05 - - - 035 23,60 70,70 3,00.°
Croup III  Fermale Initial 7,13 15,22 o L5.4 12,480 0,2 - - - 2,8 29,6 67,0 0.3
Control 1- 10 1 wonth 2,95  '16,76 49.5 13,595 6,1 - - - 0,2 24,6 68,3 3.8
2 months 8,52 17.39 49,5 17,025 2,2 - - - 0,1 20,6 76,4 1.9
3 months 8,24 16,82 Lg,3 15,535 3,2 - - - 0,2 2,8 67,2 342
Male Initial 7,36 15,31 47,3 14,170 0.7 - - - 2,3 30,0 65,6 0,1
11 - 20 1 conth 7,8 16,70 51,0 15,041 2,5 - - - 0,4 19,9 7.8 1.4
- 2 months 8,64 16,67 50,6 14,510 1,9 - - - - 28:8 68,7 0.3
3 months 8,38 16,01 L8,5 15,540 2,9 - - - - 25,6 70,1 1.6
Average Male Initial 7,24 15.26 46,3 13,205  O,h5. | - - - 255 29,80 66,80 0,20
end Female 1 month 7.90 16.73 50.2 14,318 4,20 = - = 0,30 22,55 72,05 2.60 -
l - 20 2 cmonths 8.58 17.05 50,0 151767 2.05 - - - 0o05 2407 ?2055 1010 :
3 months 8.%3 - 16.41 48,9 15,537 3,05 - - w O30 Ly LD El e
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4 (\ 652 CHEFTEL et al—CORROSION OF TIN-PLATE CANS

)_(O'BSERVATIONS ON THE INTERNAL CORROSION OF
TIN-PLATE CANS BY ACID FOODSTUFFS)(

¥ X
By"H. gllEFTEL.xJ. MOXVOISIN Xand MALWINA SWIRSKI

,’ By calculating from Nernst's equation the potentials of tin and iron, it is shown that
the anodic hehaviour of tin ©s. iron in the corrosion of tin plate by canned foods is what would
be expected on theoretical grounds.  With reference to the fact that the hydrogen evolved
during the corrosion of tin plate is less than the amount corresponding to the metals dis-
solved, an clectrochemical mechanism is suggested which may account in part-for this deficit.
Attention is also drawn to previously unsuspected aceelerators’of corrosion, e.g. carameliza-
tion preducts in fruits. It is intercsting to note that while caramel from dextrose acts as an
efficient accelerator, caramel {rom sucrose has no eﬂecu

Potential of tin vs. iron

It has long been known, since the pioneering studies of Mantell & King,? Kohman & San-
born,? 3 Clark,* Lueck & Blair,® Culpepper & Moon,® and others, that in the corrosion of un-
lacquered tin-plate cans by acid products such as fruits, the tin is anodic towards the steel base.
Differences of opinion have, however, been expressed as to the explanation of this so-called
‘inversion ' of the respective potentials of tin and iron.
More recently, Hoar? has confirmed that tin assumes a negative potential towards iron in
dilute acid solutions, even when the two metals are connected in-a couple and also at pH lower
than those given by Kohman & Sanborn.
The latter authors have rightly remarked? that * the relative positions of the metals in the
n : electrochemical series do not necessarily indicate their potentials in various media ’, but no-one
h has apparently attempted, as far as we know, to calculate the potentials.of tin and iron in weak
acid media.  When this is done, as shown below, it is apparent that there is no longer any need
to speak of a reversal of the potentials; in weak acid solutions, tin simply assumes a more
clectronezative potential than iron, and no reversal of potentials appears to occur. \Whatever

. reversal of potentials has been observed? has been from the oxides to the metals, but not from the
normal potentials as defined in the electrochemical series. '

Calculation of the potentials

The potential which a divalent metal takes in a solution of its own ions, is given by the
formula : .

E=E.,+“l'5°_ﬁlog{.\1++] R ¢

where E,is the normal potential and M**] the concentration of metal jons in the solution.
For tin, the above formula becomes:

Egy = Eo -+ 003 log [Snt+t]

= — 0136 - 0-03 log {Sn*+] . .. . . (@

The value of log ‘Sn++] may be calculated, for pH between 2:0 and 110, from the solubility
product of Sn(OH),: :

[Sn++] [OH-]? = 5.x 107%¢ ~ ¢
whence log {Sn++] = log 5 — 26 — 2 log {OH-]
: . or, as - log 'OH-] == pH — 14,
n ~ slogiSntrl=logs —26—2 (pH — 14)
o . _ =07 — 26 -+ 28 — 2 pH
=27 —2pH

. ' J. Sci. Food Agric., 6, November, 1955



whence Eyp, = — 0'04 — 0-06 pH
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Sdbstituting this value in equation (1) we finally get :

Eg=-—0136 4003 (27 — 2 pH) "
= — 0-056 — 0-06 pH '

In the case of iron, we have similarly :
. : : o El‘_e — Eon + 0-03log [Fet+)
' = — 044 + 003 log [Fe*++]
and (for pH between 5-5 and 1140 only)
[Fet*j{OH-}? = 1:65 X 10-15,

It is thus apparent that, at lcast for pH between 5-5 and 11°0, tin is always anodic with
respect toiron.  This behaviour is in no way extraordinary and results from the low sclubility of
sniOH),. _

The fact that the above calculation is not valid at pH below 55 docs not present a serious
Himitation ; in fact it is well established from experimental data that tin is still anodic to iron for
pll much lower than 5-5. However, in order to calculate the potential of iron in the range of
1 between 2 and 5-5, onc would have to introduce the solubility proclucts of ferrous salts—some
of which form complexes—which form in solution, as well as the concentration of acid corrected
fur its dissociation coeflicient. .

It is not dcemed necessary’ to embark on such a problematical calculation; in fact,
phenomena occurring in the corrosion of tin plate by focd products are so intricate that no
sct of caleulations, however elaborate, can be expected to give the full picture.

Disappearance of hydrogen

Another experimental observation which has given rise to much disqussion is the fact that
the amount of hydrogen accumulating in a tin-plate can is usually lower than the amount which
would correspond to the tin and iron which have passed into the contents of the can.

It is known that atmospheric oxvgen entrapped m the can, or hydrogen acceptors, may
combine with hydrogen, the best example Leing probably provided by methyvlamine oxide in
n:sh® which is quantitatively transformed into methylamine, no hydrogen being evolved at all.

Not in all cases, however, do hydrogen acceptors account for the non-appearance or deficit
+f hydrogen. Diffusion of hydrogen ions through steel has been sugygested sometimes as the
«Nplination of this fact, but there is no definite proof in the case of tin-plate cans.

It is postulated, however, that there is another mechanism which may account, at least in
part, for the disappearance of hydrogen. :

. In the unlacquered tin-plate can, tin is dissolved as the anode of the I'e/Sn couple and of
uther couples which may occur, such as tin ‘impuritics in the tin.

At the pH obtaining in canned foods, tin ions are bresent as positively-charged sols resulting
srom the peptization of SnO, in acid media. and it is actually in the forin of the voluminous
10,80 ¥+ complex? that they are attracted and deposited on the cathodic areas. The well-
“nown inhibitory action of stannous fons in the corrosion of tin plate may be attributed, in our
spinion, to the cathodic polarization thus produced. From this moment onwards, and until new
ad large areas of steel are exposed as a result of the stripping of the tin coatiny, the corrosion
#iuceeds at a much lower speed which is mainly dependent upon the passage of current through
the deposited layer of SniOIDY,, v

While the dissolution of tin brings cathodic protection to. the steel base, the steel may never-
theless be corroded at exposed areas ipores or fractures of the tin coating) through the action of
sther couples, such as, for example, Fes Te.  Houre & Havenhand®® have shown that sulphides

‘tulate the anodic reaction of steel areas. Chyzewski & Skapski,'! in a study of the LeS, Te
haple in weak-acid media (pH 3:6-46), with or without the presence of air, have found the
“llowing values : , '
EFes/re in nitrogen <+ o021 volt
» in air — 013 volt

I. Scl. Food Agric., 6, November, 1955
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654 CHEFTEL ct al.——CORROSfO.\' OF TIN-PLATE CANS

The iron behaves as anode in the first case and as cathode in the second: one.

Couples of this kind have a higher e.m.£. than the Fe couple, and their potential pyy,.
further be increased by the stresses developed in the metal as a result of deformation, 4, a
consequence, while the general pattern of corrosion in the can is the one resulting from the Fe sy
couple in which tin is anodic, localized corrosion may well proceed along other paths brj nging int,,
play greater e.m.f. than the ones which are to be attributed to the FeSn couple alone,

Such processes bring about, of course, the dissolution of metal while they produce nascent
hyvdrogen. Now, as it is known that stannous oxide can be reduced by nascent h_\'drogc-n,lr it
appears quite possible that the hydrogen thus made available acts upon the Sn(OH), deposited
on the steel ; the resulting tin, in a finelv-divided or Spongy state. becomes detached from the
stecl and cannot function as anode in the Fe Sn couple. Meanwhile, part of the available
hydrogen-is uscd up. The net result is a transfer, in two steps, of metallic tin from the tin coating
to the product ; the hydrogen evolved during the first step, Sn —» Sp=+ —s. Sn(OH),, is balance]
by the hydrogen consumed during the second step, Su(OH), —» Sn, while the amount of tin in the
can contents is increased, .

The above explanation, which js advanced in order to account for the deficit of hydrogen, is
derived from known facts, and appears at least as plausible as the one advocating the diffusioy,

-of hydrogen ions through the tin plate. \We are convinced that the corrosion of tin-plate cans

containing acid foods cannot be accounted for by simple reference to the Fe. Sn couple; the steel
base is a very complex substance, and a number of other couples are no doubt involved,

Carameclization as a facter in corrosion

The occasional observation of instances of abnormally rapid corrosion in jams and fruits in
syrup, whose flavour pointed to a certain degree of caramelization, has led to an investigation of
the possible réle of caramel as a corrosion accelerator,

One experiment consisted in comparing the shelf-life at 37" of plain tin-plate cans which had
been filled, either with a normal product or with the same preduct slightly caramelized by local
overheating. The results are shown in Table I. '

Table I
Comparison of corrasion rate in normal and caramelized products
Time of - Percentage of springers ’ -
storage Cherries in syrup Mirabelles* in syrup - Apricot jam
- at 37°, Normal " Caramelized Normal™ Caramelized Normal ™ Caramelized
. months
4 o ° ° o ° 9
5 o o o o o - 18
6 o o o 100 o 55
7 5 45 .0 ‘o 8o
8 45 100 o o 100
9 45 . ° o
10 45 . 11 o
15 100 100 ]

* Mirabelles are small, round, yellow plums grown in castern France.

Although the ahove experiment was carried ‘out on only 20-25 cans for each series, the
results are so striking, especially with mirabelles in syrup and apricot jam, that the indication
they give may be held as valid, : 3

Further experiments were made by carrying out hydrogen evolution tests. Strips of tin
plate, taken from the ecentral part of the same sheet and 10 ¢ 1 em. in size, were immersed in
50 ml. of de-acrated citric acid-sodium citrate solution, pH 3.6, with 30% added sucrose or
dextrose, as such or caramelized. Six parallel tests were made at 37° in each case. Table 11
shows the results obtained. )

Similar experiments with straind PEunes (total solids 169, pI1 4-4) also demonstrated this
sometimes dramatic intluence of caramelization on cerrosion velocity,

. The fact that caramel prepared from sucrose had no etfect on corrosion has been repeatedly
confirmed, using both the citrate buffor and o-1x-hydrochloric acid for immersion of the tin-plate.

J. Scl. Food Agric., 6, November, 1953
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: Table II

Influcnce of caramel on the rate of hydrogen evolution

Sucrose  Sucrose <+ caramel Dextrose Dextirose - caramel
from sucrose {from dextrose,
time for appearance of
5 ml of H, (days)

N- N N 10
N N N 10
N N N 16
N N N 15
N N N 15
N N ; N 15

N ="No hydrogen in 8 weeks

Further experiments are in progress using other mono- and di-saccharides, in order to estab-
i:sh if the aldchydic group, so important in the Maillard and similar reactions, is essential for the

. arcelerating effect of caramel on the corrosion of tin plate,

It may be worth while noting that while caranmel from sucrose does nét exhibit any action
ez the corrosion of tin plate, it exerts a powerful inhibition on the corrosion of iron in o-1x-
Lvdrochloric acid. : ,

" Perhaps the main interest of these preliminary results is that they point to one more factor
i the intricate problem of the corrosion of the tin-plate container by food products. Accidental
fermution of small amounts of caramel may occur quite easily during the treatment and pro-
cesxing of most products containing sugar, and this fact should make one extremely cautious in
suterpreting occasional observations fromi commercial practice, even where nothing has appar-
eatly been changed in the practice of the canning factory.

Conclusions

1. It is shown that the anodic behaviour of tin ts. iron in the corrosion of tin plate by acid
%-«plstuffs, which was demonstrated experimentally many years ago, may be predicted theoretic-
+liy by caleulations from Nernst's equation. )

2. Previous theories concerning the discrepancy between the amount of hydrogen evolved
az1 that corresponding to the metal dissolved are discussed and an electrochemical mechanism
s suggested to account partly for this fact.

3. Aslight caramelization acts as a powerful agent in the acceleration of tin-plate corrosion
. ¥% certain fruit products.  Caramel from sucrose exerts no accelerating effect, whereas caramel

- dextrose does.  Possibly this property is associated with the presence of reducing groups
&= the sugar molecule. »

Research Laboratories

-J. J. Carnaud et Forges de Basse-Indre
Paris, France -
- ) - Received 23 March, 1958
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ORIGIN OF THE CARBON DIOXIDE PRODUCED IN THE
BROWNING REACTION OF -EVAPORNTED MILK!

R. C. DUTRA, N. P TARASSUK, axp MAX KLEIBER
Departwent of Daicy Indostry and Dopactment of Anival Hushaw oy,
Universily of Culifnrnia, Davix

SUMMARY

To determine the velative importanee of lactose earamelization iu the brownine of
evaporated wilk, unitormly labeled lictoze was added to milk <amples betore sterilizn-
tion. The CO, produved in the browning reaction was recovered as Bat'O, and its

. speeific aetivity was determined. Jt was found that abow 47 of the ttal €0, pro-

dueed by sterilization of milk at 242° F. for 15 win. ean be teaced to caraelization
of lactos~e,

The browning of heated milk largely has been explained on the hasis of the

Maillard reaction (sugar-amino interactiony (1, S, 9, 11, The contention of

Kass and Palmer ¢ 1), that browning of heated milk ix vaused entirely by lactose
caramelization, has lost considerable ground, but there are investigators (15, 77
who adwit the possibility that both phenomena arve involved,

Since both the Muillard reaction. through the Strecker 1}‘-;:1':xdminu of the
amino acids (2, 8. 12), and the non-nmino heat degradation of lactose (2, 159,
are known to generidte carbon dioxide proportionately to the hroww discoloration.
it follows that the relative extent of the two reactions is elearly indicated hy
determining the amounts of gas produced by each.

EXPERIMENTAL PROCEDURE

The cvaporated milk used in these experiments was obtained from a com-
mercial condensery. The samples were removed from the conveyor befure steri-
lization, immediately placed in ice-water, and the experiments completed on
the same day. S Do

Uniformly labeled C* lactose was dissolved in water at 407 C. and 4 il
of solution containing exactly 800 myg. of the radioactive componnd were added
tw vach 14 350z, can of mitk. An equal volume of wilk had been previeusly
removed so that the volume of headspace would not be adtered. The cans were
wlilered, agitated to ensure complete mixing of the added pratertal, and steri-
‘ized in a Fort Wayne pilot bateh sterilizer with the veel continuonsly operiting
.u the Tollowing manner: (a) Temperature raised to 2207 Foas fastoas possible
{6 min.); (b) temperatire raised from 220 to 242° F. at the rate of 3° . per
minute; (¢) temperature maintained 15 min. or longer at 242 2217 1, then
rooled 13 min. in tap water in the sterilizer,

Recovery of €O, A special apparatus (Iigure 1) was bailt, consisting of
a steel clamp, a glass tube, and a hollow needle type stitinless steel phinger, A

Reecived for publication April 1, 103s,

tohis study was supported in part by fuaids from the Calitornia Duiry Industry ANddvisery
Roard ansd partly by a research grant from the U. 8, Atonie Eoergy Commission,
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Fic. 1. Appuratus usel for the vecovery of CO:

P Tpos ean was patin the elamp, and the glass tube was placed on the can
aned tizhtened by weans of sevewss A pesilieat vubber gasket was inserted between
the et aned the lass tibes <o that tightening the serews produead a as-proof
seall The upoer cied of the slass tube was closed with @ rabber stopper throueh
which the il pluneer passed. extending woll into the tube with the tip
b vhe D of the v The apper end of the planger was conneeted to a

pitrow ey ders O wente hinmering at the top with a wooden mallet, the

saerrand oof the planeer wenld perforate the Tid of the can and conld then be
bottem, Openine the valve of the nitrowen exvlinder would fopee

M fnne e wiass e, with vigorons bubblineg, A smadl amennr of
wlearer cDow Ceening Antiteam & Dow Cornine Corporation,
Erranapplicd re the walls of the wliss tnhe provonted exeessive
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fomming, The gases thus liberated were led jnto o owas seenbhine wower, Thix
tower eontaited 100 mb of 2 3 NaOTL wmade at the time of ek arial fron g
satnrated stock solution amd COwrree distilled waters Repeated runs liowed
that 60 mit of sweeping with Noo Keeping the can in 600 Cowater bath, was
nevessiry to teeover practically alt the COy present. The contents of the serub:
bing tower were then trastfereed 1o an Brlemuever flaskoand 0mb ol preipi
tating mixture 1025 ¥ Batl and 53 0 NI addedl The material was el
for about 15 min. in the 607 C. bath te aeeelerate the precipitation of Bat'o
The precipitate was then filtered ina standard-size Tracerlal staindeas <tenl
filter. aml 1he planchets thus obtained were washed with 1570 ethanol ol driel
to vonstant weight.

Rudioactive assay, The speeitic activity of the plinehets was measuread with

a flow-gas nuelear scaler. Because of the velatively fow tevel of activity employied,

cach sample was eounted for the period neeessary to rediee the crror 1o 20

Reflectunes measurements, The vefleetanee of the milk was meastien . with
a Beckman DU spectrophiotometer equipped with reflectines attachent o pow-
dered magnesium oxide was used as the standard white. Nelson (74 recom-
moended that reflectance veadings be made at wavelength 520 nye but better
results were obtained at 400 mp o Fignre 20 beeause the greatest reflectanee
drop oceurs at this wave length (Figave 3.

t 2

RESULTS AND DISCUSSION

The relationship hetween heat treatment and total amount of earbon dioxide
produced shown in Figure 1) exhibits a sigmoid curve gquite similar to the
one obtained by Tarassuk and Jack (16 for the prodaction of the site gas

8 4 I T T
N
TP e _
(Y od \\ .
- A Y [ ] -
M) 5 AN
E \ Refleclance
24 N meosured of 520 mu -
S o
o N
Wi o B
il AN
- & . \*
« 2 N ]
LW Reflectance oN 4
meosured of 400 m2> N
N
N\
\
N
i i} 1 T

60 0 120
MINUTES AT 242°F. ‘

Fis. 2. Belationship between time of heating atnl retleetaner,
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FiG. 3. Effeet of durativn of beating at 242° F. on the n-ﬂeeﬁrm‘e speetrum of evaporated
milk. ] -
during storage of air-packed whole milk powder of higl moisture content. The
value for amennt of ras produced by heat treatment of 242° F. for 15 min. (66
mg. of BaC0,) is in remarkable agreement with the value obtained by a direet
absorptiometrie techuique ¢13). The vorrelation berween earbon dioxide pro-
duetion and loss of reflectance ix depicted (Figure 53, Summer milk of high
heat stability was seleeted for this study, and it proved to be even more stahble
than was experted, )

Results of the trials with vadionctive lactose ave given (Table 1). - -

TABLE 1 .
Etteet of hent teeatment on prodaction of radioactive €O,

CO: derived
. ent tivatment Speeitie netivity from lactose
Trial No, taa,at 212° Fo {uc/mole vf ) (cc)
| 15 w15 . 11
2 s 02y . 3.7
W 72

45

AT Vaozs van of evaporated milk contains about 40 ¢ of lactose (3).
Therefore, addition of SO0 mye, of radioietive lactose vepresents o 1:51 dilation
of the labehed componnd. The specitie etivity of the intaet radioaetive material
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400

300

200+

MILLIGRAMS OF BARIUM CARBONATE

100+~

ol 1 1 ! [ B

5 30 60 90 105 20
MINUTES AT 242°F

Fro. 4. Effeet of heat treatment on total CO: pronlustion,

was 191.6 pe/mole of €, which means that, on the basis of dilution, the maximum

_ possible activity of any planchet would be 191.6/31, ov 3.7 pe/mole of €. and

this reading would be obtained only if all of the CO, produeed were vomiug
from lactose breakdown. ’

The data show that earamelization is of minor importance in the browniwy -

ot evaporated milk. The predominanee of inert CO2 points toward other path-
ways, the most important of which is undoubtedly the Maillard reaction. The
contribution of this reaction eould be quantitatively established by peefornsing
a set of identical trials, using earboxyl-labeled casein. -.

The data (Table 1) also suggest that the actividion energy of cavimelization
is higher than that of the remaining pathways of CO. production, sinee the
percentage of the gas trageable to lactose increased with increasing heat treat.
ment of the milk,

“The trial with radioactive lactose was repeated with half ax much labeled
compound of the same activity and the reidings obtiimed were nearly one-half
of those reported in Table 1. ,

It is well known that, in the case of dairy produets, oxyeen uptake parallels

the production of rarhon dioxidle ¢ 17, 13, 167, but it has been amply demonstrated

that browning procecds independently of the oxyuen present (5, o, 130 Lo
Browning by varamelization of lactos does requive oxyien (13). However, @t
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e, 5 Reintionship between CO: evolution amwl retlectance Joss,

i evident Prom the present data that only a swall fraction of the exygen used
would be aceounted for by caramelization. The Toss ol oxygen. in addition te
thant e 1o earnmelization, conld perhaps be explained in terms of the oxidation

of sulthadreyt groups which have-been shown 1 disappear on brownine 710},

ammld to onidative clumges of aseorbic acil,
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CANDY. See Confectionery.
CANNED GOODS. See Food.
CAPRIC ACID, CII(CH.),COOH. Sce Fatty acids.
CAPROIC ACID, CH;(CIL),COOH. Sece Fatty acids.

¢ CAPROLACTAM (2-oxohexamethylenimine), CH,(C1L.),CONH. See Cyelohexanol
and cyclohexanone; Polyamides. _—

CAPRYLIC ACID, CHy(CH:),COOH. Sce Fatty acids. ,
CARAMEL COLOR

Caramel color or burnt-sugar eoloring is the general trade name given to the
heavy-bodied almost black syrup containing color components that impart the amber
shade so extensively found in carbonated: beverages, pharmaceutical and flavoring
extracts, candies, soups, bakery products, and numerous other foods. This amber
shade is produced whenever nitrogenous materials and sugars are cooked or processed
together. For this reason it is one of the oldest food colors. This amber shade has

“become so fixed in our acceptance or evaluation of certain foeds that when it is in low

intensity it often causes the food or beverage to be rated inferior or lacking in strength.

The housewife has always produced what she terms caramel for her own culinary needs

by heating sucrose in a pan over an open flame. The sugar melts, water of constitu-
tion is lost, and the resulting hard material is used as a flavoring ingredient rather than
& color, since its coloring power is small. Commereial caramel color is a vastly ditfer-
ent material. Only a few drops arc required to color six ounces of a carbonated
beverage, and at this dilution there is no detectable contribution to flaver. Com-
mercial caramel coloring can be produced by heating any saccharine material with a
small amount of ammonia or ammonium salts. However, in practice, in order to
produce a uniform color with definite analytical standards, the No. 70 and SO corn
sugars are generally employed (sce Dextrose and starch svrups).

Caramel color is sold by the gallon and standardized in terms of tinctorial power
(color intensity), Baumé, and other analvtical standards generally associnted with 2
specific type of coloring.  Only a part of the svrup solids is the desived coloring; the
balanee is unreacted sugars. It is impossible to use all of the sugar for color. ‘1o do
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- 80 would require excessive quantities of ammonia, resulting in a product with a very 3
high tinctorial power hut with attendant undesirable features, such as a tendency to .
resinify quickly on storage. Thus the manufacture of caramel color becomes a .
compromise between tinctorial power and caramel quality. - Since the requirements )
for caramel quality vary widely in the many uses of caramel, it is often possible to
“hurn” a color to a higher tinetorial power (but other inferior qualities) which will
serve satisfactorily in a given application but which would be entirely unsuited to a .
different application. T'hese cirewmstances have led to considerable confusion, claim,
and counterelaim, in the sale of caramel color. Since the amount of caramel color
used in most applications is only a small amount of the total cost, it scems rather
hazardous to engawe in such practices.

It is dillicult to ascertain the exact amount of caramel color produced annually
in the United States.  Some plants produce color for their own needs and pffer the
product for sale; others produce caramel color for sale only. Towever, it has been
estimated that the production execeds 100 million pounds.

In elassification of earamel colors according to sugars used.in the manufacture,
there are three basic groups of coloring: cane-sugar caramel coloring, malt-caramel .
coloring, and corn-sugar or dextrose caramel coloring.  The last is the most important
product. -

Cane-Sugar Caramel. This caramel is not manufactured in the United States,
and is manufactured only to a limited extent in other countries.  One foreign company

. manufactures this type of color for bonded distilled liquors.  The product has a very
Lo low tinctorial power but will withstand eoncentrations of aleohol as high as 190 proof
‘ without clouding or precipitating. This caramel, however, when dissolved in water,
n will floc or precipitate with a trace of acid. The use of invert syrup, employing the
; usual catulyvsts, does not produce a satisfactory color.  This failure is attributed to the
instability of the levulose under the acidie conditions of the }nwh temperature attained
in the “burning” process.
: Malt Caramel. This caramel is prepared from malt syrup or combinations of
" malt svrup and corn-sugar syrup. - Since malt syrup contains considerable nitrogenous
- material, added ammonium salts are usually not necessary.  The resulting caramel has
a malty odor (boucuet) and flavor depeuding upon the type of malt syrup used and the
manufacturing or “burning” procedure. Malt caramels are used in brewing to add
color and flavor to beer. Since the current fashion is for very light amber beers, the
production of this type of color is only a small fraction of what was formerly produced.
Corn-Sugar or Dextrose Caramel. This is the important eoloring of commerce.
in the U8 and in other countries. The requirements for a good beverage caramel
color are o exacting that a geod starting sugar base is essential.  For this purpose the :
‘ , No. 70 and 80 corn sugars are ideal.  The former is more generally used sinee the solid
‘ ~ chipped sugar is re-formed more readily by heat into a syrup, thus enabling the “burn-
ing"” evele to be completed in a shorter time.  In recent yearsa large amount of *first
greens” (the residual syrup from the first centrifugation of crvstalline dextrose) has

“ heen used (see Sngar mannfacture).  The ash content of this material is much higher
than the ash of “70° sugar but its lower coxt has prompted its use for certain types of
caramel eoloring.  More reeently, polymerized dextrose syrups have been offered.
These svirups are covered by patents (1,3). - These polymerized corn-sugar syrups are
produced by the acid-heat treatment of corn syrups and eorn-sugar syrups (6). The
syrups are nonerystallizing and can be shipped in the usual tank ecars, thereby climinat-
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ing the costs of erystallizing, chipping, and bagging the swgar, and the subsequent
“melting” costs by the caramel manufacturer. Polymerization of dextrose oceurs in
the usual “burning” process and is necessary for the formation of a quality caramel.
Thus the use of this type of syrup nccessitates ciurying out this part of the caramel
reaction outside of the kettle, thus decreasing the time required for a bateh of caramel,

Physical and Chemieal Propertics

Tinctorial Power. The tinetorial power, or the amount of coloring per pound of
syrup, is important to the seller and the user of the color. Therefore the method for
measurement of the coloring power is of the utmost importance. A 177 solution of a

-beverage earamel appears to be red by transmitted light rather than the desired

amber shade obtained by further dilution. For this reason it is hest that the measure-
ment of the coloring power be carried out at about the coneentration at which it is used.
This condition is attained when one gram of caramel color s diluted to one liter.  This

. solution is amber and can be effectively measured through a one-inch cell with Lovi-

bond No. 52 caramel glass slides (see also Color measurement). This method for eolor

-measurement was established many years ago by Lovibond and it is still judged to be

the best system. The tinctorial power has often been the pawn in the sale and
purchase of caramel color—a little more color for the siume price per gallon.  This
increasc in coloring power is often attained by a deterioration in one or more of the
other qualities that make a good caramel color.  For this reason any numerieal state-
ment of the tinctorial power of earamel color will not meet with the approval of every-
one. A satislactory tinctorial power for beverage aud brewers’.colors is 22, and for
bakers’ and confectioners’ earamel, 30 is satisfactory.

Specific Gravity. The sp gr of a caramel color will vary from 30 to -L10° Bé,i

although most of the products will fall within the range 36-10° B¢ and will average
about 38 B&. This wide variation in sp gr results from the efforts of the manuiacturer
to adjust the three variables of solids, tiuctorial power, and viscosity. The solids
must be high enough to prevent fermentation, although the pH of the syrup is also an
important factor in whether the syrup does or does not ferment. The tinetorial
power is extremely important to the user; he desires a product thut is essentially the
same from lot to lot. If a manufacturer cannot produce a color to a predetermined
tinetorial power, he usually chooses to keep the coloring power constant, achieving this
by altering the amount of water added to the hot caramel as it comes from the kettle.
The viscosity of a caramel colot is greater than the viscosity of the starting sugar syrup
(both measurements at the same Baumé). This thickening of the syrup through the
formation of the color is normal to the “burning” process; the extent of the thickening
is dependent upon the type of caramel being produced, the eatalyst employed, and the
kettle-procedure followed. For this reason the viscosity of caramel color varies be-
tween manufacturers and this property beeomes an important consideration in storage,
transfer, and measurement, particularly in cold weather.  If the manufacturer cannot
achieve a workable viscosity at the usual specifie gravities, he must resort to the
addition of water to obtain a satisfactory produet.  The viscosity of all caramel colors
increases on storage or ageing. However, there is a wide ditference in this property
between producers.  Some colors increase in viscosit v overy slowly; others rapidly,
and in some instances the syrup has been known to resinif y in the barrel,

" Dry Substance. The dry substance of a caramel color cantot be determined by
the ususl oven procedures sinee the hedt will continue the color reaction with a further
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release of water of constitution. " The best analytical method for the deteérmination of ‘
moisture is benzene distillation.  Using this method, the moisture of a 38 Bé caramel

is about 3095

Qdor. The odor of caramels used in carbonated beverages is slightly pungent

or acrid, The odor of the hakers” and confectioners’ and brewers’ eolors is usually
less beeause the pll of these products is greater than for the beverage caramels.

pH.  The pIl of caramel will vary from 2.7 to 3.3 for acid-fast beverage color,
from 3.2 to 3.6 for foaming-beverage earamel, and from 40to 4.5 for bakers’ and
brewers’ colors,

Speeial preeautions are necessary for the shipment and storage of beverage caramel
eolor heeanse this producet is distinetly acidie.  All steel pails, barrels, and drums
must be proteeted by a suitable liner.  Large storage tanks should be fabricated Trom
stainless-clud steel.  Attempts to line a steel tank after fabrication have not been too

" successful.

Ammonia Content. The dry-basis ammonia content. varies considerably, not
only with respeet to type of eolor, but also with the manufacturer. Carbonated-
beverage caramels have been analyzed with an ammonia content as 16w as 0.2% and
gs high as 1.2€%, for a highly acid-resistant hevemge caramel. True beer colors and
bakers® earamel will coutain as much as 2.09%.

Ash Content. The ash content of caramel color varies widely, dependmg to a
large extent on the ash content of the starting-sugar. The ash eontent of No. 70 is
ahout 0.6}, dry basis. The condensation of the dextrose during the “burning’”
reaction will increase the ash in proportion to the water lost. The salts used as
catalysts may increase the ash content. The ash content of first greens, largely sodium
chloride, varies between 2.0 and 2.57%, and this ash remains in the finished caranel
color when it is made from this starting sugar.

Acidfastness.  This is the term applied to colors used for carbonated bev erages,
particularly colas and ginger ales.  The term is often overwor ked, for beer colors and
bakers’ earamel are, as a rule, more acid-fast than the carbonated-beverage colors.
Acidfastness is pertinent only when considered with the equally important property of
tannin re<istance, for a good beverage caramel must have both.  Again, the degree of
acidfastness is relative, for it is obvious that a color used for root beer, which is only
mildly acidic, need not be as great as one used for cola beverages. TFurther the acid-
fastness of a caramel used for fountain colas need not be as great as a color used for
bottled goods which may have a shelf life of 2 month or more.

Foaming Properties. In using earamel colors in carhonated beverages, the
foaming properties of the colors must be carefully evaluated.  Bottlers of colas prefer a
color that imparts a small amennt of foam that breaks readily when the liquid is
pourcd from the hottle into a glass.  The makers of cream soda and the mug-type root
beer desive more foam, in fact with the latter drink they prefer a fine lacey head that will
persist for some time. Foaming properties can be built into a caramel eolor, but at

~the expense of acidfastness,

Stability to Alcohol. Stability to aleohol is desired for colors used in imitation
vanilla extract and in many pharmaceutical syrups and extracts, and for colors added
to distilled liquors.  Small-seale testing, using the actual amounts of color required,
necessitates extended periods of time to be sure that the color will not floc out. An
accelerated test has been developed that replaces the time-consuming testing under
conditions of use. This test is based on adding 1 g of color to 100 m! of alcoholic

1049 .



’0‘1.4" S " - CARAMEL COLOR 67

solutions. A good caramel color will remain clear indefinitely in 50% aleohol; somo
colors will remain clear in 60%¢ solutions. ’

Neutral Tannin Test. This test hus proved to be invaluable in determining
‘whether a color will be preeipitated by the various organic extractives occurring in
flavoring and pharmaceutical extracts. A caramel must have a good tannin resistance
to be rated as satisfactory for extract use. ‘

Iron Coutent. The iron content of beverage and beer colors should not exececd
10 ppm. The iron content of No. 70 sugar is about 5 ppm and if stainless steel equip-
ment is employed, there should be no problem in keeping the iron content below the

, limit given.

.Chemistry. Very little has been published on the chemistry of euramel eolor
since an early article Ly Salamon and Goldie (10). Two explanations may be given
for this dearth of published information: (a) the producers of caramel eolor have
always operated their art as a seerct process, with no desire for the release of any
information, and (b) others who have been interested in obtaining basie information
have dropped their investigations when the complexity of the problem beeame appar-
ent. Caramel color is produced by two reactions, proceeding simultancously:  poly-
merization of the dextvose under conditions of acid and heat, resulting in the release of
water, and the reaction of ammonia with the aldchyde group ta form the aldchyde
ammonia, followed by a rearrangement and condensation, again with the release of
water. The consideration of these two reactions will explain, at least in part, the
difficultics encountered in the “burning” process. The reactions also show that a
considerable loss of sugar solids oceur. ‘

Recently the polymerization of dextrose under an acid and heat treatment has
been studied extensively (6).  With high concentrations of dextrose the reducing power
is decreased and the speeific rotation of the sugars and the viscosity ‘of the syrup are
increased. This condition occurs in the manufacture of earamel color from No. 70
corn sugar. Starting with 2 DI (dextrose equivalent, ic, reducing sugars ealeulated
as dextrose and expressed on a dry substance basis) of about 84, the DI may de-
crease to as low as 25 in extreme conditions. A good general rule is that a satisfactory
beverage caramel will not be obtained unless the DF is below 45,

_ Patents have been issued (4,7,9) for the manufacture of caramel color by a two-
step process. The first step consists of the treatment of the sugar syrup under con-
ditions of acid, heat, and time to reduce the DF to about 45.  This acidulated syrup
is then treated with ammonia and other ammonia salts and further processed to
produce the caramel color reaction. The inventors elaim these methods of producing
caramel color result in colors which are more uniform in tinctorial power and the
other qualities which make for a better color. '

Attempts have been made to determine the various constituents in caramel color
by means of puper chromotography. However the plethora of constituents revealed
in the preliminary test indicates the complexity of the product and usually ends the
desire for more detailed study. The dialysis of caramel color will separate a color
body of very high tinetorial power; this contains essentially all of the animonia used
in the preparation of the color.

Manufacture of Dextrose Caramel Color

Caramel color is produced in two types of kettles—open and closed.  The former
is the original type. It has passed through a varicty of methods for the application of
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heat includinig eoke-fired, gas-fired, Dowtherm, and high-pw.ssure steam (ca 150 Ib

pressure).  One Lurner still employs the eoke-fired ketile, and it is a rather remarkable -

experience (o wateh the skill of the operator in starting and banking the fire so that
excessive charring is avoided, for the kettle has no stirring mechanism, The direet-
fired koettle always produces char and the process gave the product its original name,
burnt-sugar coloring. : ) o _

Open-Kettle Process. The newer open kettles are from 6 to 8 ft in diameter, -
nsually stainless clad and jacketed. The stirring mechanism is dual countercurrent
action, with seraper blades attached to the outer arms.  The kettle is clozed by a
cover, throush which a large stack, usually 18-24 in. in diameter, leads to the roof.
A thermocouple, usually leading to a reeorder, registers thetemperature of the heated
syrup. The recorder chart usually contains space for two or more cycles. Thus the
operator ean alter the immediate curve, if necessary, according to analytical informa-
tion obtained on a previous batch.  The elapsed time is apout 4 hr.

The kettle is loaded with 4000-6000 1L of sugar syrup and steam is applied to the
jacket. ‘The syrap boils and is concentrated. - At a definite.time or concentration,
a solution of catalyst is fed through the bottom of the kettle into the heated syrup.
The temperature of the syrup inereases as the solids coneentration increases. At
ahout 6%, water the earamel-color reaction starts.  Water is released from the poly-
merization of the dextrose and from the eolor reaction. This water plus the small
amount from the solution of the eatalyst keeps the concentration of the solids rela-
tively constunt, resulting in a period of time in which the temperature is relatively
constant at 130-135°C.  The color formation at this time is rapid and the reaction
mnst be stopped abruptly to prevent the mass from turning to a resin. This is
aceomplished by addine water throngh a pipe in the cover directly onto the heated
syrup.  This not only conls but also dilntes the syrup. The svrup at about 90°C
passes to a storage tank, from which it is fed to elarifving centrifugals. Some eolors
are further elarified hy menus of a filter press, precoated with filter aid.  The clarified
earamel color pas<es to i large storage tank.  Uniform tinetorial power is achieved
by decreasing or increasing the color strength of subsequent batches.

The eomposition of the catalyst varies aecording to the type of caramel being
produced and alxo according to the ideas of the manufacturer. Needless to say,
the exact composition of these formulas is a closely guarded seeret. A beverage
saramie] must be “harnt™ on the acid side. Starting with a sugar svrup with a pH{ in
the runge of 1.0 to 4.5, the pl decreases as the reaction proeceds.  Thus a condition
results wherein the plf may decrease to such an extent that the sugar mass will
resinifv.  Ta prevent exeess aeidity from developing, the ammonia is added as
ammaonium sulfite or as mmmonia and sodinm sulfite. The pll is stabilized through

“the relens=e of sulinrons acid-to the atmaesphere.

Closed-Kettle Process.  The closed-kettle process resulted from research on

“earamel eolor which divided the process into two steps: the acid and heat treatment

of the sugar svrup to polvinerize the dextrose, and the addition of ammonia and ‘or
salts, with a further heat treatment to produce the color.  The kettles are jacketed,
6 11 in dizaneter, about 16 1t tall, with a capacity of about 2700 gal.  The bottom is
eqgutipped with an outlet, and the top with & manhole, thermometer, pressure gage,
vent pipe, amd other pipes for the addition of water, ammonia, and eompressed air.
The kettles are stainless elad.

049



Vol. 4 ) - CARBAMIC ACED 69

‘The production of a beverage color by the closed-kettle process is discussed in

detail in a patent (4,9). This discussion includes a temperature graph and the

various steps in a bateh of caramel as related to temperature.  Briefly, the kettle is
loaded with 1600-1700 gal of 45° Bé sugar syrup (about 18,000 1L).  Dilute sulfuric
acid is then added to reduce the pll to the range of 1.2-1.5.  The syrup is then heated
to about 120°C for about 3 hr which reduces the DE of the sugar syrup to below
45. A predetermined quantity of anhydrous ammonia is then added and heat is
applicd to initinte the color reaction. When about half of the final tinetorial power
has been obtained, an ammonia salt and sodium bisulfite are added.  Heat is applicd
to increase the temperature of the syrup to the range of 1:32-13. »°(} venting the gas
to mamt.un about 15 Ib internal pressure.

When the desired tinctorial power has been obtained, the syrup is cooled by the
addition of water and by passing cooling water through the jacket. The processing
from this point on is the same as for the open-kettle process. Patents have been
issued on the processing of caramel color to yield a more concentrated coloring and to
reuse the unreacted sugars (2,8).
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CARBAMIC ACID

Carbamic acid, NH.COOH, is the monoamide of carbonie acid; the diamide 1s the
well-known compound urea {qv), (NII.).CO, also ealled carbamide. Guanidine (yv),
HN==C(NIl.)., may be regarded as the amidiue of carbamie acid. Carbamic acid is

not known in the free state but the acid chloride {chloroformamide, “uven chloride”),.

NH:COC], and salts and esters have been prepared. Ammonium earbamate, Nil-
COOXNH,, can be obtained as a white crystalline solid by reaction of dry ecarbon
dioxide and ammonia; it is found in commercial ammonium carbonate (see Ammo-
nium compounds). The best-known ester is the ethyl ester, NITL.COOC:11s, usually
called urethan. Other esters of carbamice acid and ol its N-substituted derivatives
such as earbanilic acid, CJIsNHCOOLH, are also called urethans (qv), somewhat
loosely.
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PHYSIOLOGY - Carémel.and dextrin prepared by the action pf‘dry heat on
| glucose and starch hawg the fhysiqlogicalkqualities of structured ;;
compounds. Note from Mr. Paul Fournier, presented.by Mr. Robert
Courrier.
" Glucose and starch are transforried by roasting into caramel

aend into dextrin posséssing various physiological properfies of
structured compounds. When iﬂgested by young rats; this caramel
and dextrin increase the absorption and refentidn of calcium, favor
the return of calcemia to normal levels, and encourage the rapid

‘development of the cecum.

The term structured compounds is used to designate the numerous

. substances which bring about the following physiological reactions ac-

companying ingestion.

first, an osteogenic capacity which is manifested by avprotective
effect with respect to the resorption of the ;keleton of the suckling
rat and by the temporary iﬁcrgase in the speed of formation of the long
bone of the young rat. This increase corresponds to an increase in the
absorption and retention of calcium. |

Secona, a rapid return of calcemia to its nbrﬁal leve;‘én a8 rat in
which the calcium retention of the blood had been reduced by lack of
calcium.

Third; Y developﬁent of cecum which eppears to be-part of a more general °
phenomenon of hyperplasia of visceral organs.

‘Fourth, a urine composition characterized by a high content of various

acids of the tricarboxylic cycle.
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We indicated earlier why it became difficult to relate the

esséntially plastic properties of structured compounds to the initial

activity of intestinal functions or to the existence of a metabolism
peculiar to these compounds. Also, we are led to suppose as an hypothesis,
that the action of structured compounds could be related to their ﬁpor

~utilization by the organism.

The action of dry heat- on glucose and on starch leads to the production

“of caramel and dextrin, ill-defined substances which, because of the

specificity of enzymes, have every chance of being 1e§s easily metabolized
than those typically usable substances from which they come. The fact that
caramel and dextrin are poorly metabolized is sufficient reasbn to consider

them structured compounds, according to our hypothesis. Moreover, the

- presence of dextrin in a rickets-producing diet of & young rat increases

the absorption of calcium. In the present work, ceramel and dextrin are

submitted to the first three tests of structured compound activity; calcium

utilization, re-establishment of [normal] calcemia, and development of

the cecum.

,

Experimental conditions: Glucose is caramelized by heat until the

formation of a sticky brown paste'which coagulaxes when cooled. The
analytical characferistics of.thig caramel are as follows: & mon#y-
drolized aqueous solution, having 68% of the rotation and 10% of the
reducing power of the initial glucoée; after acid hydrolysis, these values

are raised to 9% and 91% respectively. Cornstarch is heated in an oven,

at 190°C, for 5 hours. The ochre powder obtained, only slightly soluble



‘in water, furnished, through.acid.hydrolyﬁis, a solution of which the
rotation and reduciﬁg powers were 9h.and 78% respectively of those of
the iniﬁial starch. Enzymatic hydrolysis, achieved as is indicated in
the codex for a test for pancreatin, yields only 2% maltose from the-

. dextrin; under the same conditions, corn starch produced about 20% maltose.

‘First and second tests: Effects of caramel and dextfin on calcium
exchange and on the reestablishment of calcemia.--In an initial period of
18 days, 24 Wistar rats, weighing 62-TlL g, were subjected to an "initial"
diet containing fery little calcium (50 mng per 100,3); In the following
period, these rats were divided into 4 equal groups. Each diet described
in the table under the names: starch, dextrin, glucose, and caramel,
corresponds to one of the I groups. Calcium content in thé four diets ‘ ~

is normal.

Initial Starch Dextrin Glucose Caramel

" Crude casein 15 15 15 15 15

NB:"b Peanut vil o 8 8 8 8 8 -
can be Cornstarch 2 70.5 ¥5.5  58.5  58.5
;orn, or Other glycosidic compound; 0 ' 0 23" 12 12
grain Dry yeast 3 -3 3 3 . 3
%  Saline mixture 3 3 3 3 3
- Calcium carbonate (CaC03) 0 1.5 1.5 1.5 1.5
Titanium oxide (03T;) 0.5 0.5 ° 0.5 0.5 0.5

* derived from Hubbel's mixture by suppression of calcium carbonate
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Fromithe third to the fifth day of administration of these diets,
each rat was put into an individual combartment vhich permitted separate
collection of urine and fgces. The calciun in fhe diet and the exérements
vas determined; the results of these analyses were used to calculaﬁe the
calcium balahcé. When the rats*héd%received'their respective diets for
10 days, they were sacrificed, and their serum calcium was determined.

Third test: Effects of caramel and dexfrin on the development of the

cecun. Wistar rats weighing from 50 to 61 g were divided into three groups

of 8. Those in fhe first group received a "starch" diet of the following
composition: cornstarch, 73.5%; casein, - 12%; peanut o041,8%; saline mixture;~
3%; yeast, 3%; 0oT; (titanium oxide), 0.5%. Dextrin feplaced starch in the
diet of the rats in the second group. The diets of the rats of tﬁe two
other groups differed from the first only in that 25% glucose or 25% caramel

was substituted for the same proportion of starch. After two weeks of the

expériment the rats were sacrificed. Their cecum was separated, emptied,

cleaned, dried, and weighed. Note that for the same diet, the average

weight of rats in each group is practically the same.

1st Test: calecium balance

Starch Dextrin Glucose Caramel

Calcium {mg/day)
Ingested ' 61.2 70 63 62.4
Absorbed ; ~ 16,7 36.5. 20 33.9
" Urinary | 1.3 1 0.5 0.4

Retained 15.4 35.5 19.5 33.5
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Extremes . 53,84

19,87

2nd test: serum calcium : Starch Dextrin Glucose Caramel
_Caleium (mg/liter) ' | '
Average o - 88 128 91 118
Extremes ' 75,95 120,132 85,98 110,125
3rd test: Dry weight of cecum
Average per group (mg) 67 152 3 192
132,183 158,243

Results and conclusions. - The results grouped in the table show that

dextrin and caramel have the properties of structured compounds. In the -

range of their ingestion, calcium absorption and retention are doublgg. In -

_the case of young rats whose serum calcium was at first drastically lowered

through a calcium~deficient diet, calcemia was restored to normal much more

rapidly.if the calcium diet administered contained dextrin or caramel. More- o~

over, these two substances caused a rapid and strong cecal hypertrophy.
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371 0 o AGADEMIE DES SCIENCES. C;/amep
vistovocar. - Le caramel ol I dextrine préparés par action de le chaleny

séche sur b glucose et Tamidon possédent les qualités physiologiques ey
composis e structure. Note 0 de ML Pace Foursier (') présentée e
M. Robert Courvier, :

Le ghucose el Pmmidon sont respectivement transformes, par grillaze, en earamel

el en destrine dolés des diverses propricteés physiologiques des composes de struc-

Ture, Ingéves par le jeane-Rat, co earamel el colte dextrine aceroissent Pabsorplion

el la rétention eafeiques, tavorisent le retour de L cadeémie au nivean noriati,

provogquent e rapide développement du ciecum,

Par eomposés de structare, nous désignons les nombreny corps don:
Fingestion s"acemmpagne des vépereassions physiologiques suivantes ;

12 un ponvoir ostéogéne qui se manifeste par un effet protecteunr 4
Fégard de fa vésorption du squeletie de la Ratte allaitante el patr i
aceroissement Lemporaive de la vitesse de formation des os lonos dy
. . . \

Jeune Ratl A et aecrossement corvespond une augmentation de | absorp-
tion ol de L vétention do ealeium (2); '

29 un retour rapide de la caleémie i son nivean normal chez le o
dout L tenenr di <ang en ealeium a été abaissee par carence caleique o

4]}

»

un developpement du cieenm, développement qui-semble sinserive
dans un phénomine plus général 'hyperplasie dovganes viseéraux i
aq°

une composition des urines caraet érisée par une forte tenenr en diveps
aeides odn evele lriv:n‘lmxyliqm- i '

Nows avens dit pour quelles vaisons il devieat difticile de rapporter ees
proprictés essenticllement plastignes des composes de steaeture a0 aeti-
valion des fermentations intestinales oo & Vexistence dnn métaboli<ie
particnhier & ces enmposés 0 Nussi somses-nons conduait. ) supposer,
en hvpothise, que Faction des composés de strelare powrrail e en
rapport avee learamaoyaise ntlisation par Fosanisoe,

Llaction e Lechedenr séche sur b elueose eof sur Fmnddon conduit a
Fobtention ode cavanel, e dextrine, corps mal détings quis du Tait e
b specificitd des cnzvines, ont tontes chanees '8 ee toins aisenend
mttabolises e s rn.rp\ teprpement atilisables dint il provieanent.
Selon notee hy pethese il n'en Bt pas davantage pour que le cioarel
et b destiine sotent donds des quadites des composes de straeture, Dantang

i b présence de destrine dans le véaime vichitisine du jenne Bat amelio-

Crerait Pabsorption da eadeinne 50 Dans e présent bravall le o cavanned ot

B destrine sont somtais anx brois premiers tests de Paction des Conmposes
de ~teacture o nlisalion caleigue, retablissement Jde L caledmie, déve.
Taprpeneent ol Cieen,

Conpritoss tarfmae N, Lo glucose est carnméhisé par ehaul-

Figre gusqu’a Tobrention aoe pate collante brane qui e prend en masse
~
[ ]

Vo2
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par vefeoidissement. Les caracteres analytigues dececavimel <ont les
suivants : une solation agquense, non hydrolvsée, possiade 8570 di pous oie

rolatoire o 1o do pouvoir vedactenr du slucose il apeds hivdroly se

acide, ces valeurs STélevent respeetivement Sogq eb g0 U0 e aanidos
de DIé est chanilé an four, dagov, pendant 5 he e poindee ocvde obtenne,
tres pen soluble dans Feaa, fourmt, l'""' hadrolyse avide, une <olution
dont les pouveirs votatoive et réduetenr représentent eespectivement o)
et =8, de ceux de Pamblon initial, Pae hydeolvse cnzvamtiue, véalisce
comme il est indigque au Codex pony Pessai de B panerfebines cette dextrine
ne libere que 2 9, de patose: dans les mémes comditions: Pamidon e

blé en fournit envicon 20 %,

LT o 2€ fosty o Bffets dic carammel of de la devtrine sar fes éclinpees calviques
el sir le rétablissement de ba calvémie, - Dans une pirode tattiale de S qouars,
24 rats Wistar, de 62 a = g, sont sonmiz & un régime « initial = contenant -~
tres pen de caleium Somg pour ooy Dans peviode snivante ees
rats sont répartis en_quatree Jots éganx. A chaque ot carrespond Fune des
régimes déerits dans le tablean <ous les noms s amidon dextrine, glieose,

caramel. La tenear en ealeium de ees quatve régimes o<t nornale,

Wirial.  Amidon, bextrine, Glicose. Cacimet
Caséine hrnte. ... ... .1 K b 5
Huile Larachide.. . ... L. 8 N N N
Amiden de bléo. ..o PO =00 155 ]
\ Autre composé glucidique ... o o @ i

7.

N

-—
2
ot

. Levure séeheo .. o ool ee. 3 3 3
Meélange salin ¢Tvo oo G it 3

e s te
i

.
-l ot

! Oul- . - ~ .
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() 1 dérive e velui de Hubbel (74 par suppression dv €16, Ca,

L ' Du 3¢ au 5¢ jour Fadministeation de ces végimes: chaque vat et iulro-
‘ duit dans un dispositif individuel qui premet de vécolter stparément fes
. urines ot des fiees, Le ealeimm est dosé dans le végine el dans les exer-
mentss les resnltars de ces dosages servent an saleul des bilors caleignes,
Quand les rats ont recu bears régimes respectifs pendant 1o jonrs s =ont
. saevilicsy le caletnm est dosé dans leur sévom.
3¢ test @ Effets due caramel et de b deatrine sur e diécelop pemenit dw ciecrm.
— Des rats Wistar de 50 461 g sonl répartiz en trois lots de 80 Ceux du
premier lot recoivent un régime « anidon » de eoanposition centéstmale
suivante : amidon de Blé, =355 caséine, 123 haile darachide, S mélange
salin (7}, 53 levure, 32 0.Ti, 0.5 Duns le régime des rats do denxieme lot,
Ia dextrine vemplace Famidon, Les végimes des iats des deux antres fots .
n ne different du premder que, par Fincorporation de 2500 de elucose on
de earamel @ L place dane mdme propection damidon, Apres deax

semaines d'expéricnee, les rals sont saerilics. Leur ciecum esl separe, vide,

~




GG - ACADEMIE DES SCIENCES.

nettoye, séché et pesé, "Notons que pour une méme expérience le poids

mayen des eats de chaque lol est pratiquement le méme.

“Amidon. Dextrine. Gluconse. Caramel.

v test o Bilans colciqurs.

Caleium ( mg/jour) :

T O | P ) ) 63 6ah
Absorbé........... S (1 N 36,5 10 33,9
UI‘IIMII‘L............... 3 1 0,5, WA
Betenu.......... B 1 35,5 9,5 33,5

" test : Ualeinm sérique.
Caletum (mgz/h : ‘ A , . o
Moyeune .. ........ vo.. ONR ©oraN T o8

Valeurs extrémes .. ... St %) s 132 85; o8 11o; 113

3¢ test o Potds sec due corcum.

Moyenne pac lot (mys. .. 6 10 =3 (e
Valeurs extremes .. L., 5% R 1321 N3 fg: N 198 233 -
Réscrrars g1 coxenesion, — Les résnllats "‘l'nupt"% dans le tablean

montrent gque b dexteine ot be caramel possédent les propriétés des vumpns'('-'
de stenctuve, Sons Veffet de leur ingestion, Pabsorption et la rétention
caletques sont sloublées, Chez Te jeune Rat dont Ia teneur du sérum en
ecaleium a été abord tres .nln.uwm- par o récime défieie nt en ealeiunm,
I caleémie redevient beane oup plas rapidénient normale si e régime

sleique apai L est alfert contient de Ta dextrine ou du earamel. De plus,
ves ddenx substimees provoquent une |.||mlc- et {orte hypertrophie cacale,

°¥ Seéanee du oo juin 1y, oot
) Avee faoeoll lhﬂf‘.lll"" technipue de M™me Monique \llc ’

Y P Fovesten, Comples rendus, 235, 004, pa Tk,

Y Y. Deers et I' FoveNtin Comples pemdus, 208, tghg. p. oo in,

¢

(.:

"'.

‘,

O Pobovexie L Sesian ol 1 Biseor-Livens e, Comples rendus, 2180 1450, p, it

€ P Favnsie of Xo Diasvi, Ball, Soe. Chim, biol.. 1. (EVR T | N I

v A Besarao, D Bicl, Chen,, 7o, rashy oo

1 B Heenee, B Moxonn el AL Wakevax, J. Naoie, 1L AT T
tLaburatoive de Phusiolagic de ta Nutrition.

v, rue de U Estrapade,  Paris, )
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Caramcl Color

Caramel is the amorphous dark brown material resulting from the con-

trolled hieat treatment of the following food grade carbohydrates:

Dextrose

Invert sugar

Loctose

Malt syrup

Molasses

‘Starch hydrolysates and fractions thereof
Sucrose

Not much is known about the nature of the caramelization of sugar; how- !

ever, by control of the reaction, various grades are prepared with certain de-
sirable properties.’

The composition of caramel is complex and indefinite, forming a colloid
in aqueous substrates. The colloids carry an electrical charge. the natare
of which depends upon the method of manufacture, The iwelectric point of
the caramel is quite important in various applications. At pII's above the
isoelectric point, the caramel is negatively charged—at pII's beliny. it is posi-
tively charged. One of the major uses of caramel is in coloring carbonated
beverages: colas and root beers. In order to prevent precipitation. the ciramel
must carry a strong negative charge and its isoelediric’ point <hiould be at
a pH of 2.0 or less. ' . . ,

Grades and Uses There are many tailor-made varicties of caramel. but
most fall into the following ty pes: :

1. Acid pr'oof caramel For use in carbonated beverages and acidi-
fied solutions - ..

2. Bokers and confectioners A less refined grade for use in. baked
products—cookies, cakes, rye bread

3. Dry caramel - For use in dry mixes or where volume of

liquid product is excessive.

~Types 1 and 2 are dark-brown viscious liquids having a specific gravity in the
range of 35° Be.

In most products. caramel has very good stability. It is very helpful in
coloring of canned carbonated beverages in which the concentration of azo
dye should be kept low. Addition of caramel helps to increase the depth of
color; however. it must be carefully balanced with the certified color or “dirty™
colors are produced. Caramiel color is often used with certified colors in bahed
goods where dark chocolate shades are desired and which cannot be achieved
without excessive use of certified color. One disadvan'age of caramel eolor
is its yellow-brown shade. For bakers® use. caramel products are available to
which Red FDD&C Colors have heen added to give a more chocolate color. From
a cost standpoint, caramel color is quite economical.
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CARAMEL - GERMAN TRANSLATION

THE MODE OF ACTION OF CARAMEL IN NORMAL AND DIABETIC PEOPLE. STUDIES

WITH LEVOGLUCOSAN

Prof. E. Grafe and Cand. Med. Erica_von Schroder

- -(Rostock Medical Polyclinic)

From: Deutsches Archiv fur Klinische Medizin, Vol. 14}, pp.156-167 (192k4)

Whereas the therapeutic use of caramel in diabetics is well established

» today according to confirming data of all previous observers (1), the

mechanism of its favorable effect on glucosuria, acidosis, and protein
metabolism is still unknown.
: -

The only established fact is that caramel undergoes oxidation in the
organisﬁ, but the way in which it is decomposed is still completely unknown.
Not even the form in which it is resorbed in the intestine has been established,
ﬁ&nce enzymes and the intestinal bacteria investigated s; far are unable to
break dbwn caramel in the test tube (Grafe) (2). In this connection, basic
differences in the behavior of the normal and diabetic organism could not be
detected. 4

| Further clarification of biological ana physiological-chemical problems
to be considered here is not possible until sométhing is known about the

chemical nature of the starting material. However, it is precisely here that

extradordinary difficulties arise, since the caramel formed by roasting (brovning)

(1) Literature reviewed by E.Grafe in "Caramel in Diabetes Therapy",
~ Fortschritte der ges. Medizin, publ. by Th. Brugsch, No.2, 192k

(2) Deutsch. Arch. f. Klin. Med. 116, 43T, 191} _
—

/



of pure sugar is not a pure (ﬁnirorm) prédﬁct, but rather a mixture of
- widely differing substances, standing‘somewhefe in the middle between
unéhanged starting material and amorphous charcoal. ‘

Gelis (3) attempted to isolate from this mixtufe several mainrcomponents
A vith varyiﬁg 0o - content and a high molecular weéight. He thus differentisted
three products: ‘ |

1) Caremelan: 1. Caramelan: 601202.2011-12H20=6012!{1809

2, Ceramelen: 6C)pK,,011-18Hp0=2C36H), g0y
3. Caremelin: 6C;pH5507)~2THp0=3C2LH60, 8

. Gelis introduced at that time the name glucosans for @he;grape sugar (ggglu;ose)
anhydrides, whilé he used the namé levoglucosané to designate the correspondihg
~ cane sugar derivatives. Theﬁlatter were thén identified much later by Tanret (1)
as a component of most gluosides.

In 21l cases, it was assumed that inner anhjdrides of the sugar were formé&~\
as a result of a lesser or greater loss of water. Only in recent years did
Swiss chemisté, primarily Pictet and Karrér, together with their various
‘associates, succeed in obtaining and desgribing uniform and well-defined pure
compounds by roasting (browning) pure carbohydrétes.

Since'it is edvisable, in our study of the biological action of caramel,
vto start with these so-called giuqosans, & brief chemical'déécription of these
compounds should be given before we describe our.own experiments; for all
details; the reader should refer to the latest and numerous original studies

carried out in the laboratories of Pictet and Karrer(é);

(3) Compt. rend. 18, 1062 (1859); 51,331(1860); Arch.de Chim.(3),57,25k
(1) Ber.[3],11,949(1894); Compt.rend.de P'Acad.d.sc. 119, 158

(2) Mostly published in Helv.Chim.Acta. Literature reviewed by Zempleu, in
Abder halden's Handb. d. biol. Arbeits Abt . I,T.5,H.1,Lief.52,3.549 £f,1922



For our purposes, the compouﬁds of greatest interest are

A\ - glucosan and levoglucosan. The former is of particular intérest, since

1t was basically obtained in the same'manner by Pictet and Castan (3), as the fimm

Merck produced caramose in 1913 at the suggestion of Grafe.

"When pure grape suger is heated at 150—155°C under 15 mm mercury pressure

 .and the unchanged glucose is removed by brief warming in absolute alcohol,

éﬁ-glucosan is. obtained in.92% ¥ield, in the form of colorless leaflets

(m.p. 108-105), following recrystallization from absolute methyl alé;hol. The
compound is very hygroscopic, but is not converted back into glucose; it is
highly soluble in water, somewhat less in methyl alcohol and acetic acid, and
practically insoluble in alcohol. .Its specific rotation is [ A ]gl =+ 69.4 and '
69.79°._ The compound reduces an alkaline copper sulfate solution, but does

not give a red color with Schiff's solution. Upon boiling in water, it is
converted into j-glucose. Its taste, as in caramel, is distinctly bitter.

A series of compounds was prepared, but these are of no interest here.

When pure cellulose or starch is subjected to the same treatment, at the
same pressure but slightly higher temperature (20b-300°), levoglucosan is
obtained, but in a considerablx smaller yield, according to Pictet and Sarasin(l).
The compound forms crystals, ﬁélting at 179.5°}.is readily-soluble in water,
acetone and acetoacetic acid, but almost insoluble in other organic solvents.

The specific rotation is [c&]n = 67.25°. The compound decomposes slightly

during distillation under normal piessufe, tut is in general quite stable. It

(3) Helv. Chim.Acta 3, 640(1920)(abstr.in Chem. Zentralbl.III, 879,1920
4,319 (1921)

(2) Compt. rend. 166, 38(1918) Helv.Chim.Acta 1, 87(1918)(Abstr.in Chem.
Zentralbl.II, 710(1918), cf. also Pictet and Cramer, Helv.Chim.Acta 3,
640 (1920) (abstr. in Chem. Zentralbl.III, 878 (1920).
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‘(,\ ; is not broken dowh b& emulsin,‘maltaSe;andgyeast; ané”?—élucose
o 1is formed under the_action.of dilute mineral acids. The compound has lost
its sugar character to a great gxtent; and does not reduce Fehling's solution
any longer. It is not oxidized by potassium permangenate andrbromine. The
.compouhd has a peculiar taste, which is both bitter and sweet at the same
“time., 1Its caloric value is L4181, as comparéd to 37h3 for glucose. By studying
- suitable compounds, Pictet‘and Reichel (2) have been able in recent years to

establish a definite structural formula for levoglucosan:

H-C-OH J
: )

Oﬁ-i-H A
o —

H-COH
(

--”‘ B ’ ’ . | : ;_____éﬁé

Karrer and Smirnoff (1) have confirmed this formula and have suggested

the fdllowing space formula:

2)oy L)y

O "~ (2) Helv. Chim. Acta 6, 617 (1923)
' (1) Helv. Chim. Acta 5, 124 (1922)

-
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fhus, levoglucosan is a well-defined substance which has been fully
-pharactefized from a chemical standpoint. As Pictet and his associates
have primarily shown; glucosans yield polymerization products under the
action of zinc Ehloride. Thus, A;and I. Pictet (2),‘as well as A. Pictet
and I.H. Ross (3) have prepared polylevoglucosans.(di-,tetra—,hexa—, and octole-
vvoglucOSan), which are ve¥y similar.to deitrin#, but can be differentiated
from the latter by means of chemical reactions. Analogous compounds‘can
also be prepared from 4 -glucosan(h).

V’ As far as we know, the biological effect Gf all tﬁese substances has
- not yet been investigated. In view of the quite simia¥ process by which
these compounds are formed, there can be no dou$t that the roasting (browning)
of sugar and other carbohydrates yields glucosens. Since simple sugars yield
mostly simple compounds and starch mostly high-molecular polymerization ~
products, it appears highly desirable to undertake a study of the biological
action of glucosans, in order to clarify the effect exerted by caramel in
the normal and diabetic organisnm.

~ In viev of the large number of gquestions which arise in this connection,
one of us agreed to divide the work facing us with Dr. Kerb (Freiberg), who
is greatly interested in the same problem, in such a way that ouf work will
be concerned with levoglucosap, wﬁile Dr. Kerb will éeport the resuits of .

his analogous studies of ¢ -glucosans elsewhere (5).

-

(2) Compt. rend. 173, 258 (1921)- Abstr. in Chem. Zentralbl.III, 822,(1921)
(3) (Ivid. 174, 1113 (1922) - Abstr. in Chen. Zentrabl. II, 346 (1922)

() A and I. Pictet, Compt. rend. 173, 158 (1921), Helv. Chim. Acta 6,
- 617,(1923) - ‘

(5) Biochem. Zeitschr. 1k, 60 (192k)
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In this article (see note), we shall attempt first to anéwer'the
following questions: |
(1) What changes does levoglucosan undergo in the gastrointestinal tract?.
(2) Can it be detected again in the urine?
(3) How does it affecf glucosuria and acidosis in diabetic humans and
animals? | |
(L) Does it cause changes in the blood suéar‘curvé'of normal and diesbetic
people? | |
Agggg: A brief report of this work was given at the 0ctober_1923.seséion of
the Medical Society in Rostock and was also puﬁlished in Klin.

Wochenschr. 2, No. L9, 1923

We wish to express here oﬁr deep gratitude to Dr. Dohrn; of the Schering
Chemical Plant in'Berlin, for providing us cost-free with a sufficient amount
of 1evog;ucosan for our purposes. -

We tested the effect of digestive enzymés in test tube experiments, using
normel and eartificial digestive. juices. The polarimetric, analytical fermenta-
tion and reducing behavior of thesé Juices was studied continuously and side-
by-éide according to the standard methods; Benedict's pfocess was selected
by us as the reduction method. o )

We found at first that a 6.2% aqueous levoglucosan solution, after
additjonof&ismall amount of toluene, did not exhibit eny changes even after
& 5-day storage in an incubator. The fermentation and reduction samples
ryroved to be continuously negative. The levorotation remained unchanged.

When netural gastric Juice was used, the presence of diastase and small

amounts of starch proved to be disturbing; on the other hand, when artificial
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gastrié juice wasAused, which was brought to a normal acid aﬁd enzyme

coutent-by addition of 0.1 N HCL ﬁnd vepsin, the reduction and fermentation

:samples remained continuously negﬁtive, as shown in the following experiment:
| TABLE I

10 ml artificial gastric juice, containing 6.62 g levoglucbsan + 0.5 ml toluene

, .Reducing Fefmenting :
~ Testing Time . Action Capacity Polarimetrically
Freshly used
After 24 hours 0 o] -7.6%
After 48 hours 0 0 -7,6% -
After 72 hours 0 0 =T, 7%
After 96 hours 0 0 =T, 7%
After 120 hours 0 0 -T7,8%

Klin. Wochenschr. 2, Nr. k9, 1923

The slight increase in the levorotation is due to water evaporation.

The same results were obtained in tests carried out with the strongly
active pancreas dispersion (Krause) and pure cultures of ég;i_bacteria, which
vere kindly made available to us by the local Hygiene Institute (examples of
this work are given in the iﬁaugural dissertation of Miss vdn échroeder (1).

It is not unlikely that other intestinal baéteria, particularly anaercbic
bacteria, might exhibit & different behavior in this case; special tests shoula
be carried out in this direction.

Caramel and levoglucosan show a completely parallel behavior in regard

to their resistance to attack by gestrointestinal enzymes.

(1) Study of Caramel Action (tests with levoglucosan), Rostock, 1923
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Insufficieht amouﬁts of the very expensive preparation were available
to us for utilization tests in feces, which should be carried out by all
means. In viewiof the extremely bigh vater solubility and the low molecular

weight of levoglucosan, it seeﬁsz;priori highly unlikely that this compound
i

' would exhibit a poor or incomplete resorption. Also the fact {which will be

discussed shortly) that a levorotation in the urine can be detected only
during the first 2 hours following 1ngestion provides a strong argument against
such a possibility.

In order to test excretion conditions in the urine, healthy fasting -
people were given 250 g coffee with 20 g levoglucosan; the urine was then tested
at hourly intervals for a reducing, fermenting and polarimetric action.

The following example of a test carried out on a patlent with Lues
cerebrospinalis‘(but with a normal metebolism) may sérve as an illustration: ~

TABLE 2

A

Time . Reducing Ferment- Polarim- Levoglu- ;é;;al
. ’ Urine Power of ing capac- etric cosan ex- Levorlucos
4.1X.1923  Food Intake  Amount Urine Aty of study  creted, & an,
’ * urine. g/hr g

6-7 PM Fasting 88mi - 0 0 o - -

7-8 PH 250 coffee 128 ml 0 o . -0.8% =8.803
with 20 ¢ - 1.070
levoglucosan

8-9PM - No food 170 ml 0 0 -0.2% =0.267

9-19 PM

intake - o -0 0

Changes were observed only in the polarimetric study. During the first 2 hours of

levoglucosan ingestion, a levorotation was observed, which was more marked only during

*he first hour; this proves that resorption of the preparation apparently takes place at

a&fj%xtremely rapid rate. If we calculate, on the basis of the specific rotation of

levoglucosan, the emount of the compound which was excreted unchanged, then we get an amount

.
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equal to 1.070 g (apprqx. 5% of the starting material), which must be
considered es being very small., " That this amount really represents
levoglucosan can be easily demonstrated by detection of reducing giucose
after boiling with dilute sulfuriec acid,

Of special interest, of course, was the action of levoglucosan in the
diabetic organism. Prof. Curschmaﬁn was kind enough to allow us to carry
out such tests on patients transferred from fhe polyclinic to the innef
clinic, and we are grateful for this possibility; other tests were carried
out on private patients under close clinical supervision.

The outcome of all tests was always the same. An'increase in glucésuria
was never observed, 5-10% levoglucosan was detected.in the urine, and if
a@idosis vas present it was favorably influenced by levoglucosan intake.

Thé following exampie illustrates this fact. ~
- The patient Fl. (sée Table III) had diabetes of medium severity; even

after sevéral days on a vegepable-rich diet he was not completely free of

sugarrand acidosis. In this patient, & comparison wﬁs made of sugar and

acetone body excretion on 2 consecutive days over 3-hour periods with and

withoﬁt addition of 30 g levoglucosan to a basic‘diet of 100 g spinéch,

50 g lard end 250 g coffee. The sugar excretion, determined by titration

eccording to Benedict, was identical during both comparison periods, so

that sugar formation from levoglucosan was excluded. On the other hand,
the effect on acidosis is very charactéristic: under the action of levoglucosan,
~acidosis dropped to 1/10 of its original value (from 0.48 to 0.0LT g).
In reéard to the action of levoglucosan in a patient with a slightly
less severe diabetes, but with a very low tolerance, the characteristic éoufse
during L-hour periods is shown in Table IV. Here also no trace of sugar

- was detected, although a noticesble levorotation was observed, which also

N
.

9
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only dﬁring the first hour was higher by.aboﬁt 0.8% and, calculated on
the basis of levoglucosan, ambunted to only 0.878 g,lﬁhus being equal ﬁo
less than 4.5% of the ingested amouﬁt of levoglucosan. (See Table III aﬁd
Tabie Iv.) | | |

. Finally, we wish to report a series of observations performed on an
acute di#betic (Table V), who could be made free of sugar and acidosis only
with insulin. ThiS‘diabétic, on the third day of a2 vegetable diet, still
excreted 30.8 g sugar and L.Th g acetone. On the next dsy, the patient
received in his previous diet an addition of 30 g levoglucosan, which reduced
the sugar excretion quite moderately (to 2L.15 g)but the acidosis quite

significantly, namely to less than 1/2 the original value (1.99'3); J

" (See Table V.)

This day was broken down into individual segments., Here, we could
observe that sugar excretion (calculated per hopr) was even somevhat lower
(1.94 g), during the hours immediately following levoglucosan intake, than
previousl& in the fasting stﬁge (2.03 g). The favoreble effect on acidosis
became clearly apperent only during later hours.

Table VI, for which we are indebted to Dr. Otto Martiensen, shows that
a phlorizin-poisoned (diabetic) dog exhibits the same behavigr as a diabetic.
(See Table VI.)

The sugar excretion reﬁains unchanged from a fermentation analysis

standpoint, while the figﬁres even show a decrease, when measured according

to Benedict. Particularly clear is the dction exerted on protein metabolism,
vhich drops to less than 50% of the value on the previous day; here also

is a complete analogy with.the action of cargﬁel.

10



In individual cases, the effect éxerted‘on b1ood sugar (according
to Benedict) was also tested. As the two examples in Table VII show,
followiné 20 g levoglucosan intake the blood sugar content is not increased
but rather drdps noticeably in the following hours. In this respect, there
is a basic difference in comparison with caramel; the latter, according to
- studies of Magin and Turban (beut;Ar;h. Klin; Med. 143 97-105 (19233,
exhibits an increase in blood sugar values, salthough this increase is temporary
and not cleérly marked. We Qust keép in mind, however, that even Merck's
'caramose may contain ﬁp to 10% reducing substences, whereas levoglucosan does
not have any reducing properties at all. . o
AIf we summarize ﬁhe previously:investigated behévior of levoglucosan in
the normal and diabefic organism, we find-that enzymes present in the éastro-
infgstinal tract are unable to split this sugar anhydride; approximately
5-10% shows up in the urine} the compound has no glucosuric actionj the
blood sugar content is even ;omewhat reduced, whereas acidosis is very favor-
ably affected and protein combustion is limited.
Thus, in all important points there is an extensive similarity in the
biological action of caramel and levoglucosan; the latter, however, exhibits
a clearer and definite effect, since it is'a'pure compound. * |
According to a written communication of Kerb Ql.;.), who reports his
findings elsewhere, A -glucosan behaves in exactly the same way as levoglucosan.

According to our studies, there is no doubt that pure glycosans,whose

biological action has been tested for the first tiﬁe, are indeed the main

carriers of the favorable effect exerted by browned carhohydrates on the

diabetic organism. To clarify the mechanism of the action of glucosans is-

the task of future investigations.

1l
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Appafently, the%e are two main possibilities of explaining this
action. It ié possible that levoglucosan either is involved somehow,
'pérhaps through uptake of water,'in the usual carbohydrate metabolism,
pdssibly by stimulating glycogen formation, which could account for the
peculiar behavior of biood sugar; or, the complex, buf very resistant
carbohydrate ring is split by oxidation and broken down in a still unknown
manner, perﬁaps quite different from the way in which carbohydrgtes are
usually broken down, | .

Thus, many interesting questions arise in this ne; field of carbohydrate
- physiology. The present investigations provide a secure basis for further
‘cohsﬁructive work. |

In view of the particularly favorable action of levoglucosan in diabetes
end its sweet taste, this sugar anhydride would.be a very suitable sugar
‘substitute, béth from a thergpeutic and dietetic standpoint; unfortunately,

its use cannot yet be considered in view of the high manufacturing costs.

12
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TAI 11X

- FOOD URINE SUGAR/HR TOTAL. SUGAR/HR- SUGAR PER ACETONE, ACETO- _ TOTAL
DATE TIME INTAKE AMOUNT ACCORDING SUGAR/  POLARIM- TEST QUALITA- ACETIC ACETONE
. ' TO BENEDICT TEST ETRICALLY TIVE TEST ACID, IN G, PER
DETERMINED . ' QUALITA- " TEST
TIVE TEST
. €&
26.VII 10-11 m arouna =110 ™1 0.63 8 0.34=0.33 & * *
1923 9.45
50 g lard
100 g spin- 1.065 g 0.51 g 0.48 g
ach : )

25Q g coffee

11-12 —  60-ml" 04358 0.3%=0.18 &
12-1 | 'we 2300 m1 0 ° heavy +
27. V1l 7-8 around 9o m1 0,315 ' 0.2%=0.188 + heavy +
1923 6:45 _ _ , ‘
. 50 g lard
100 & spin- , - .
ach 1.075 8 - 0.53g : .. 0.04Tg
250 _ | o |
89 100 m1  0.k25 . 0.2%=0.20° - _ heavy +  heavy +

9-1GC hr - 75 ml 0.335% ~ 0.2%=0.15 : heavy + heavy +

100



. — — —— — — a—— -—

fj) . | o : i -.JLE if,u | - v - o i:)_ 5

TEST TIME URINE AMOUNT  MYLANDER'S ACETONE  POLARIMETRIC EXCRETED LEVOGLUCOSAN
PERIOD | ml TEST TEST  BEHAVIOR CALCULATED FROM THE LEVO-
¥, , RESULT RESULT ROTATION

1lst hour 9:30-10h , 30 ml negative negative 0%
prior to : : :
levozlucosan

2nd hour 10-11 h 110 ml negative negative. -0.8% © =0.690 g
immediately ' ' . S

after in- , . : , .

Jection of : : . =0,878 g
2¢ g levo S C S
glucosan

3rd hour  11-12 % 120 ml:  negative . negative  -0.2% =0.188 g
2/hr after ' :
levoglucosan

~ 4th hour 12-1 h 130 ml negative. negative. 0.0%
.+ 3/hr after
levoglucosan

TnNn!
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DIET CARBOHYDRATE

Thowus V

—_ . — —— e —— »

ACETRIC TOTAL

DATE  TEST A URINE SUGAR SUGAR - SUGAR
1923 INTERVAL COMPOSITION CONTENT " AMOUNT TITRATED FERMENTATION POLARIM-  ACID ACETONE
o : ANALYSIS ETRICALLY ACTION
19-20X  3rd dey of .30 g fat 30 g 2700 m1 30.8 g - - ++ L, Th g
treatment 2 eggs
.30 g cheese .
600 g veg.
(asparagus,
spinach)
1 1 broth
=12 cdal/kg . .
20.21X  bth day of 250 ml coffee 0 11k m) 4t g 4.5 ¢ 4.3 g ++ 0.19 g
treatment ' ' =2.03 g/hr ‘ '
9:25-12:10 250 g tea with 30 g 162 " 5.35 g 648 g 2.9 g ++ 0.3 ¢
o =1.94 g/hr .
30 g levoglu-
‘cosan
. (125 cal)
12:10-1:10 - -— L8 " 1.40 g 1.49 g 1.h g + 0.3°g
s 1:10-8:10 30 g fat 30 g 1000 " 1.30 g 24.0 g? 12.0 g + 1.k g
on the 2 eggs, | '
following 30 g cheese
morning 600 g
(asparagus,
spinach)
11 broth
Whole day ot prev- 60 & 132h " 2415 g - 20.6 g + 1.99 g
iously . .
The yeast used was not tested for self-

SPECIAL -

fermentation. Perhaps this fact explains
the high value obtained (too high)

TNHANS
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levoglucosan

TABLE VI -
G
: . ~ SUGAR G
FOOD WEIGHT URINE  FERMENTA- SUGAR D
DATE INTAKE kg AMOUNT  TION ANALYSIS BENEDICT gy | N |REMARKS
_19{,;20' :‘;ﬁg:r 5.85 ST0 " ml 21.6 19.38 |3.537|6.1 |1 g Phlori-
: . zin in oil
per
probe(?) _
20.-21 " ‘ 5.80 goy 16.9 14,48 |2.564!6.6
21.-22 " 5.60 koo " 16.0 " 10.407{3.035({5.2 |1 g phlori-
. : zin in-oil
22.-23. " 5.k 920 " 17.48 "23.02 |h.278|4.1
VI
23,-2k, " 5.25 600 " 17.35 18.6 |1.994{8.7 |1 g phlori-
, . ‘ zin in oil
+8g -
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TABLE VII
BLOOD BLOOD BLOOD
SUGAR SUGAR SUGAR
| "FIGURE FIGURE FIGURE
TIME IN B IN F1 IN DR. G
Before Levoglucosan .0.135% 0.18% 0.218
3/4 hr after after 20 g 0.08 % 0.18% 0.20
Levoglucosan
2 hr after Levoglucosan 0.12% 0.125% 0.21
L hr after Levoglucosan 0.15% -

0.10% -
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Aus der Medizinischen Poliklinik zn Rostock,

Zur Kenntnis der Wirlungsweise des Cayam cls im gesunden
und diabetischen Organismus.

(Versuche mit Liivoglucosan.)
Von, .
Professor F. Grafe und cand. med. Eriea von Sehrider.

\Viilnend die therapeutische Brawchbarkeit des C:uba:n;ellsi been
X HE I\ 1] 13
Diabetikern nach den ibereinstimmenden Angaben alle\xI ;s :fisﬁus
' 3 3 . Y " .
Bc(o‘b-whtcr 1) wohl heute sichergestellt ist, liegt der }i:'e-L }gumsu?
der ginstizen Wirkung anf Glycosurie, Acidose und Eiwei atz
-] et~ .
3 3 2 . N t ’
N in tiefes Dunkel gehiillt. ] o
n‘UL!XI‘le‘t steht nur, daf es im Organismus zur Ox)'d.{tvxo]ntkqu?qti
N \. - * 3 13 ». .'.
! i rolli cannt.  Nicht einm:
ie Ar aus ist noch vollig unbekannt. :
aber die Art des Abbaus : sckannt. i ehmal
;;Pee YForm, in der es vom Darm resorbiert wird, steht fea‘f, ldt.v. .;lcxn
I;ex‘nxcx;te, und die daraufhin bisher untersuchten D:um.za < ]'ilbei
es im Reagenzglas nicht zu spalten vern]w;,lrfn (fl}raf;);n)den tbel
ingi) i im Verhalten des norm:
‘inzipie terschicde im Verhalte
konnten prinzipietle Un . . verhalte s noum
diabetischen Organismus bisher nicht fL.stg(stcllt \\ex(iet'l‘. omisch
. I‘lm. weitere Kliivung  der biologischen und physiolog

i ist nic : moglich, als . -,
chemischen Fragen, die hier aunftreten, ist nicht eher muglich,

ig 2K is Aber
as i einieerms Be“ C]lClnl:Ch b‘.l\n“nt 1st. )
gex-ade in d‘ic:‘:er I{l(ﬁ]ltu"g tiilrmen sic ’ a. ! 0 ',Lu ’( re lslt(;t he g‘
keiten auf, denn das bei der Rostung von reinem Zucker entstehende
ity

vn ein Gemise erordent- -
Caramel ist kein reiner Kovper, sondern cin Gemisch auBero

ie i - Mitte zwischen unver-
lich verschicdener Substanzen, die in dcn.llllxtlte ;zz\hxcs;hcn
‘ . 1 > ) stehien,
andertem Ausgangsmaterial und amorpher ‘J\u‘n es e Traupt
) 'Qchon Gelis¥) versuchte aus diesem Gemische mehr

T Lit bed B Grafe. Das Caramel in der Diahetestherapie, Fortschritte o
1) Lit. bei E. Grafe, Dus Gy

. ne 4 s -] f ", 2 1924.
der ges. Madizin, lu\.-r:\;xﬁ;:ft:;;).r\on“l‘ .’]L 1];:;“.‘153210 !1914‘ ) ,
Atsches Arch, 1, Kiin, Med, y 994, » ..
:;)) gt:l;;:m,e,,dr :13, 1062, 1859 n, 51, 331, 1860 und Arch. de Chim. (3),
o oL, .

57, 258, - | )

e v

. Zur Kenntnis der Wirkungsweise dos Caramels usw, 157

bestandteile mit weehselndem 0,-Gehalt, und hohem Molekular.
gewicht zu isolieren, ) '
Er unterschied so 3 Produkte:- .
1. Caramelan; 6C,40,,0,,—1211,0 = 6H,,11,,0,
2. Caramelen: 66,y 11,,0,,—18I1,0 == 20,,H,,0,,
8 Caramelin: GI1,,I7,,0,,—2711.0 — 3C,, 1,,0,..

Fitr die T ‘anhenzuckeranhydiide fithrte Gélis damals schon

den Namen Glycosane ¢in, die entsprechenden Rohrzuckerderivate
nannte er Livoglucosane., Tetztere wurde dann viel spiiter von
Tanret?) als Bestandteil der meisten Glucoside erkannt,

In allen Fiillen wiirden also durch mehr oder weniger grofen
Austritt von Wasser innere Anhydride des Zuckers entstehen,
Frst in den letzten Jahren ist es schweizer Chemikern, vor allem
Pictet und Karrer mit ihren verschiedenen Mitarheitern, ge-
Iungen, bei der Rostung von reinen Kohlehydraten einheitliche,
wohl definierte reine Substanzen zu gewinnen und zu chavakterisicren,

Da es sich fir das Studium der biologischen Wirkung des
Caramels empfiehlt, von diesen £02. Glycosanen auszugehen, so muf.
der Mittéilung unserer eigenen Versuche eine kurze chemische
Charakteristik dieser Stoffe vorausgeschickt werden, beziiglich aller
Finzellieiten sei auf die neneren zahlreichen Originalarheiten der
Laboratorien von Pictet und Karrer? verwiesen, .

Die beiden fiir unsere Zwecke am meisten interessierenden
Substanzen sind das e-Glucosan und das Livoglucosan. Das erstere
hat ein um so griferes Interesse, als es im Prinzip in der gleichen
Weise von Pictet und Castan?) gewonnen wurde, wie die Firma
Merck auf Grafe's Veranlassung 1913 die Caramose herstellte,

Erhitzt man reinen Tranbenzucker unter 15 m Hg-Druck aunf
150—155° und entfernt die unverinderte Glucose durch kurzes
Erwiirmen in absolutem Alkohol, so gewinnt man nach Auskristalli-
sieren aus absolutem Methylalkohol mit 92 %, Ausbeute in farb-

losen Blittchen mit einem Schmelzpunkt von 108—109° das -

a-Glucosan. Die Substanz ist sehy hygroskopisch, ohne sich jedoch
dabei in Glucose zuriick zu verwandeln, _

Die Loslichkeit in Wasser ist grof, etwas geringer in Methyl-
alkohol und Essigsiture, kaum vorhanden bej Alkohol -

TT0) Ter. (3] 11, 049, 1801 wna Comigt. rend. de Pacad. d. se. 119, 138,
2) Meist erschienen in den folv, chim. act, Lit. bei Zemplen, Abder-
halden's landh, 4. biol, Arbeitsm, Abt. I, T, 5, 1 1, Liet, 52, 8, 54911, 1922,

3) Hele, chim, act. 3, G40, 1920 (ref. Chem. Zentralbl, 11, 879, 1920) und

4, 319, 1921,

l"
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Grave n, vox Sennborer . . .

[« =694 bzw. (9,79°. .

Es reduziert alkalische Kupfevsulfatlosung, rotet aber fuchsin.
schweflige Siiure nicht. Beim Kochen in Wasser geht es in
a-Glucose fiber.  Der Geschmack ist wie beim Caramel aus-
gesprochen Ditter,

Es sind eine Reihe von Verbindungen hergestellt, die aber
hier nicht interessieren. .

Unterwirft man bei gleichem Druck, aber etwas hoheren Tempe-
raturen (200—300°) rcine Cellulose oder Stiirke dem gleichen Ver-
fahren, so erhiilt man mit allerdings erhieblich geringerer Ausbeunte
nach Pictet und Sarasin?) das Livoglucosan. Die Kristalle
schmelzen bei 199,59  Sie sind leicht lislich in Wasser, Aceton
und Acetessigsiture, dagegen fast unloslich in anderen organischen
Losungsmitteln.  Die spezifische Drelung [«]p == 67,25% Die Ver-
bindung zersetzt sich zwar etwas beim Destillieren unter ge-
wolinlichem Druck, ist aber im ganzen selr bestindig.  Fmulsin,
Maltase und Ilefe spalten nicht, untér Einwirkung verdiinnter
Mineralsituren entsteht 3-Glucose, Der Zuckercharakter ist weits
gehend verloren gegangen,  So wird IFehling’sche Lisung nicht
rehr reduziert. Durch Kaliwmpermanganat und Brom tritt keine

* Oxydatien ein. Eigentiimlich ist der Geschmack, der zugleich bitter
und siib ist. Der Brennwert ist 4181 gezeniiber 3743 bei Glucose.
Durch das Stndium gecigneter Verbindungen ist es Pictet und
Reichel?) im letzten Jahre auch gelungen, die Konstitutions-
formel definitiv festzustellen:

— - C—H
]
H—C—O0H

| 0
OH-—(IE—-H .4 e
(0 ¢ R
0 !
' I -COH
L. .CH, -

1) Compt. rend, 1G5, 2% 1918 u, Helv, chim, act. 1, 87, 118 (ref. Chem,
Zeate2ibl JI 700 1018} voll auch Pictel wo Crumer, Melv, chim. act, 3, 640,
1820 {ref. Chem. Zentraill, 1M, 878, 1020). )

2) Helv. Chim, uet. 6, 617, 1923,
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Karrer und Smirnoff habén sic bestitist und sind far
folgende Raumformel eingetreten:

Ol H _H .
| 4 é, 5 |
--.""“' I \\\\ 6) .
_H x o  oH cH, - .
e
21 - 1 '
OH H

Wir haben also im Liivoglucosan einen chemisch in jeder Be
ziehung wohl eharakterisieften und definierten Kirper vor wns.
Wie vor allem Pictet und seine Mitarbeiter zeigten, entstehen

‘unter Kinwirkung von Zinkehlorid aus den Glucosanen Polymeri-

sationsprodukte, So sind von A, und L. Pictet?®) sowie A, Pictet o
und I H. RoB%) Polylivoglucosane hergestellt (Di-, tetra-, Hexa- ‘
und Octolivoglucosan). Sic haben grofe Almlichkeit mit Dextrinen,

Tassen sich aber durch chemische Reaktionen von ihnen unter-

scheiden. Analoge Verbindungen gibt es beim a-Glucosan. 4)

Die biologische Wirkung aller dieser Substanzen ist unseres
Wissens bisher noch nicht weiter erforscht. Da es bei dem ganz
&hnlichen Entstehungsvorgang keinem Zweifel unterliegen kann,
da8 bei der Ristung von Zucker und anderen Kohlehydraten S
Glucosane entstehen, beim einfachen Zucker wohl mehr -die ein- . ... . .-
fachen Verbindungen, bei der Stiirke wohl mehr die hochniolekularen
Polymerisationsprodukte, so scheint es zur Klirung der Caramel-
wirkung im normalen und diabetischen Organismus dringend
witnschenswert, das Stadiam der biologischen W irkung der Glucosane
in Angriff zu nehmen. ' -

Bei der grofien Menge der sich hier erhebenden Fragen hat
der eine von uns mit Herrn Dr. Kerb-F reiburg, der sich fiir die :
gleichen Probleme lebhaft interessiert, in der Weise eine Arbeits-
teilung verabredet, daB wir selbst uns mit dem Livoglucosan
beschiiftigen, willwrend Herr Kerb iber seine analogen Studien
iiber die e-Glucosane an anderer Stelle berichten wird, %)

1) Helv, chim. act. 5, 124, 19922, - -

2) Compt. rend. 173, 258, 1921 (ref. Chew. Zentralbl, 111, 822, 1921),

3) Ebenda 174, 1113, 1922 (ref, Chem. Zeutralbl, 11, 346, 1922), -

4) Ao w I Pictet, Compt, rend. 173, 138, 1921 und Helv. Chim, act. 8,

617, 1923, |

5) Biochem. Zeitschr. 1144, 60, 1924, o o
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In der vorliegenden Mitteilung?) sollen zunitchst folgende Fragen
entschieden werden: '

1. welche Verinderungen erleidet das Livoglucosan im Magen-
darmkanal?

2. LSt es sich im fHarn wiederfinden?

3. wie Dbeeinflubt es beim diabctischen Menschen und Tier
Glycosurie und Acidose ? ' '

4. veriindert es bei Gesunden und Diabetikern die Blutznckerkurve?

Herr Dr. Dohrn von der chemischen Fabrik Schering-Berlin,
hatte die grolie Freundlichkeit, fiir die wir ilm zn groSem Danke
verpilichtet sind, uns fiir unsere Zwecke Liivoglucosan in ause
reichender Menge kostenlos herzustellen.

Den Einfluf der Verdaunngfermente priiften wir in Reagenzglas-
versuchen mit normalen und kiinstlichen Verdawungssiiften. Neben-
einander wurden fortlanfend polarimetrisches, giirungsanalytisches
und reduzierendes Verhalten nach den iiblichenMethoden verfolgt,
als Reduktionsmethode withlten wir das Verfahren von Benedict,

Zuniichst zeigte sich, daB cine 6,2 %,ige wiifirige Liivoglucosan-
lisung selbst nach Htiigigen Aufenthalt im Brutsehrank nach
Zusatz einer kleinen '"Foluolmenge keine Veriinderungen zeigte,
Die Girungs- und Reduktionsproben ficlen danernd negativ aus.
Die Linksdrehung blichb unveriindert.

Bei Verwendung von natiirlichem Magensaft storte das Vore
handensein von Diastase und kleinen Stirkemengen, dagegen blieben
bei Verwendung von kiinstlichen Magensaft, der durch % Salz-
siture und Pepsinzusatz auf normalen Siure- und Fermentgehalt
gebracht wurde, die Reduktions- und Girungsproben dauernd
negativ, wie folgender Versuch zeigt:

Tabelle I

10 cem kitnstlicher Magensaft, enthaltend 0,62 g Litvoglucosan 4- 0,5 cem Toluol.

: : , reduzierende Girungs- -
Zeit der Priifung | Wirkung vermizgen pularimetrisch
{risch angesctzt 0 0 — 769,

nark 1mal 21 Stunden 0 0 — 7,6 %,
rach 2nd 21 Rtapden | 0 0 ~ 7%
nach Swal 21 Stden 0 0 —7,7%,
uach 4mwal 24 Stunden ' 0 " 0 —7,7%,
nach 3mul 24 Stunden 0 0 —~78%

1) Ein kurzer Bericht crf(;lgte in der Oktobersitzung 1923 der Mediz, Ge-
selluch. in Rostuck sowie Klin. Woehenschr, 2, Nr. 49, 1923,

160'3 Grave n, vox Scundoer : : ' ' ;
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Die geringe Zunahme der Linksdrehung ist durch Wassep-
verdampfuang bedingt. _

- Genan so ficlen die Versuche mit dem stuk wirksamen
Pankreasdispert (Kraitse) sowis mit Colibakterienveinkulturen,
die uns das hicsige hygienische Institut in lichenswirdiger Weise
zur Verfiigung stellte, aus. (Beispiele in der Inanguraldissertation
von Irl. von Schroder?),) :

Es ist nicht ausgeschlossen, daf andere Darmbakterien, ins-
besondere dic Anacrobier, sich da anders verhalten, in  dieser
Richtung wilren noch besondere Versuche auszufithren,

Hinsichtlich der Unangreifbarkeit dureh die Magendarmfermente
ist der Parallelismus zwischen Caramel und Livoglucosan ein voll-
Kommener, .

Fir Ausnutzangsversuche im Stuhl, die unbedingt noch an-
gestellt werden milssen, standen uns nicht geniigende Mengen des
selr teuren Priiparates zur Verfiigung,  Bei der auflerordentlichen
Wasserloslichkeit und*dem niedrigen Molekulargewicht des Liyo-
glucosans ist es aber a priori sehr unwahrscheinlich, da8 die -
Resorption schlecht oder wivollkommen ist, Auch die gleich noch
zu besprechende Tatsache, daB eine Linksdrehang im Harn nwe in .
den 2 ersten Stunden nach der Aufnahme feststellbar ist, spricht
selr dagegen. : :

Um die Auscheidungsverhiltnisse im Urin za priifen, bekamen
gesunde Menschen niichtern 230 g Kaffee mit 20 g Liivoglucosan, -
der Harn wurde dann in stindlichen Perioden auf reduzierende,

vergiirende und polarimetrische Wirkung untersucht. .

Folgendes Beispiel an einem stolfwechselgesunden Kranken
mit Lues cerebrospinalis mige das illustrieren:

Tabelle IL

-1
rcduzie-! Ver- l ,g jusge-
Zeit | Nabrungs: [Harn-| rends 'gicungs- polari. "L'}’ﬁﬁ"c"c"’: 3:! mf"'
4.1X.1923'  zufnbr menge Fithizkeit' tikigkeit metrisch i joves g ueesan
. ides l.'vl'illb'ylll‘s Urins’ f{tllu‘:.\" Al anzen .
. | ‘ i pro 3td.
: ! i : | .
6—"pan! ntiehtern | 8Seem! 0 | 0 ; o0 | f
T—8% 1250 ¢ Kaffeelt28 , | 0 [0 1 —08%! 0803
mit20 Liivo- [ | L1070
glncosan oo | CohY
S—9" keine Zufulr170 0 0 —02e! =0267, - .
B—10" keine Zutub! —F | 0 1 g “ U N
i i !

1) Zar Kenntnis d, Caramelwirkung (Versuche mit Liivoglucosan), Rostock 1923,
Deutaches Arvehly f. Klin, Medizin, 141, Bd. i
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Verinderungen sind nur bet der polarimetrisehen Untersuchung | "ég;.g - o 52.4
aufgetreten, J3s kam in den beiden ersten Stunden der Aufnalime i2o% 32 S i e
des Livoglucosans zu eiver Linksdvelung, die nur in der crsten R P I . £ T8
Ntunde stiirker anseesprochen war, ein Bewels, daB die Resorption X ot ++ '-;"fif:' ‘?l-
des Priiparates offenbar auRerordentlich rasch vor sich geht,  Be- g 25 + 1 _E H E N EE ————
vechnet man unter Zugrundelegung der spezifischen Drehung des § R IS L A 1 Eg” iy
Litveglucosans die Menge der unverindert ausgeschicdenen Substansz, = | s + - 'Zf’§ §. %:
S0 ist die Menge mit 1,070 g (= ca. 59, des Ausgangsaterials) E] 22 | + £ |+ £E 43 T 7
als sehr Klein anzusprechen. DaB es sich tatsiichlich wm Livo- ,?'_3 : "*é 2 EE < =
glucosan handelt, it sich durch den Nachweis von reduzierender = ) - £ .
Glueose nach Kochen mit verdiinnter Schwelelsiinre leicht feststellen, & §g?§ :‘ - M : EE -2 :f ;\: 2
Von besonderem Interesse war natiirlich die Wirkung des g §'g§i & g‘ o §’§ =2 °" ‘T. &.
Liveslucosans im Organismus  des Diabetikers.  Ierr Professor :-'jc & E R - 1 .
Curschmann hatte die Freundlichkeit uns zn gestatten, derartige S ?3’ :;g ;”_ ) EI'-_'-E——'”_&E K& :
Versuche an poliklinisch eingewiesenen Kranken der inneren Klinik : 2238l & s_|& z-;- 2] 52
durchzufiihren, wozw wir ihm zu grofem Danke verpflichtet sind; Z 3:‘:__5‘7’; L A A Ll <[ =g 5 . . .
andere Versuche wurden an klinisch genau iiberwachten Privat- £ kS o f’g- ?g-. i‘-» ,z;’-:} 3 E% ;:»”
patienten angestellt. ’ e w | v ol 2=
Der Ausfall aller Versuche war stets der gleiche. Niemals § ;25'3 g E g S
kam es zn einer Steigerung der Glycosurie, 5109/, des Liivo- -| BE5S - SR ,_?-’: £% ., >
glucosans erschienen im Hamn wieder, eine etwa bestehende Acidose 2 =8 | — TTTUE EE? ?,, z =
-wurde giinstiz beeinflubt. z :':,‘33 to > kb £ ;—'-';:'a‘ A
Folgende Beispiele mogen das illustrieren. . sl = E’;f f§- : ':'-?-_Q ?1 ‘93.55. > — '
Bei dem Kranken FI (Tabelle I1I, handelte es sich um einen =] YE% ° R
mittelschweren Diabetiker, der auch nach mchren Gemiisefettagen Z o g g8 | a o g ’: %ca § § § g
nicht ganz zuckerfrei und acidosefrei zu bekommen war. gl E2 | o8 88 |8 8 =l E8| g o 2.8
Verglichen wurden an zwei aufeinander folgenden Tagen in £l P= = 823 8 ge -gﬁ, = 2 -
dreistimdlichen Perioden Zucker- und Acetonkérperausfuhr mit.uid > 5 - o g 4 1=
ohne eine Zulage von 30 g Litvoglucosan zu einer Grundkost von =l £ . BES 2 %8 2D ’ Sa. ¢ . 4
100 g Spinat, 50 g Speck und 250 g Kaffee. Die titrimetrisch ~ & ST I §§§E§| I 3 .-.T:‘; 2? T
nach Benedict festgestellte Zuckerausscheidung ist in beiden A g gl 2 stosed = B3t = =
Vergleichsperioden die leiche, so daf eine | Zuckerbildung aus 2 5 RER 28331 " 8-
Litvoglucosan ausgeschlossen ist. Sehr charakteristisch ist dagegen 2 . il ; & % ’E‘ :,-f
der Eiuflul auf die Acidose, unter Liivoglncosanwirkung sinkt sie & = ‘E SER P RS ’ o g 28 § g
auf den zehnten Teil ab (von 048 auf 0,047 g). = —"'3' ZJ, d Z-T .§ _e_»,g_,:-g'; §§g§s§-
Fiir die Livoglucosanwirkung bei ecinem etwas leichteren A = T 2 | 5‘; Sif.—ff’i’é’ =323
Diabetiker mit allerdings sehr niedriger Toleranz bringt Tabelle 4 — T R GAREERRERE
den charakteristischen Velaut in 4 Stundenperioden, g B Ex |3 h g"gééc : o
Auel hier keine Spur von Zucker, dagegen deutliche Links- a :gs«’ , g;:?« A | < :é E E
drehung, die aler auch hier nur in der 1. Stunde wit 0,8 % etwas 0 oy g S T
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Grave u, vox Scintorn grifBer ist und im ganzen auf I, berechnet ar 0878 g hetrigt, also

. noch mieht cinmal 4Y, %, der aufgenommenen Menge,

oK 5. Ve
g ':E"S“é ,%';; S 3% - SE Sehlieflich sei noch eine Beobachtungsreilie hef cinem rech
2 E’gfc'z'g o 55 : schweren Diabetiker (Tabelle V) mitgeteilt, der erst dureh Insulin
3 e S’gﬁ'g R zucker- und acidosefrei zu hekommen war,
SR ATe SE e Am 3. Gemiisctag schied er noch 30,8 g Zucker und 4,74 g
&z e %0 0 e e Aceton aus. Am folgenden Tage crhielt er zur bisherizen Kost
% & a m - & eine Zulage von 30 g Livoglueosan, das die Zuckerausscheidung
= | i ° ° - T sehr mibig (auf 24,15 g), dic Acidose dagegen sehr wesentlich auf
& - ' unter die Hilfte (1,99 g) herabdriickte,
iy éé:? T i i + + + Dieser Tag wurde in einzelne Abschnitte zerlegt.  Auch hier
= g4 zeigte sich wieder, dag die auf die Stunde umgercchnete Zucker.
o B ausscheidung in den Stunden unmittelbay nach Livoglucosan sogar
= —E =E | ,:‘ o o ;" :,f eher etwas niedriger (1,94 g) als vorher im Niichternzustand (2,03 g)
z| S22 -« o i) 8 ausfiel.  Die giinstige Wirkung auf die Acidose trat erst in den
2 T, =E s . L spiiteren Stunden deutlich zutage.
_;—52 E'Z: | to > 2w . [ DaB der phorizinvergiftete Hund sich genau so verhalt wie
AL iy < = % . der Diabetiker, zeigt Tabelle VI, die wir Herrn Dr. Otto-
-~ 3= : Martiensen verdanken. o
.,;1 T‘; &y . e ! . ' .
“f 2 R : _:‘5?5 T g ;f sm Tabelle VI Versuchsreihe an einen phlorizin-diabetischen Hunde,
= g - L Ty N oo - : B e
= xg s "‘ I g‘ B I =TT - .i)at‘m;x» 1Nal~1-*Ge-— | I;T.l:i—ll-. """ Zi’Ci{erg;:VZIch::er - '\: D ! Bemer-
ZI - - ‘ — - 1923 | ;:’["ﬁf; “;fg{‘t menge j;’;;:l'}‘,’t’ﬁiii(Benedict)j g N ‘ kutigen
! ] * - - s = . ; - . 0
= g .8 b - . LT S i ! .
= = - - 585 5% q 5 : i 3
; | ':‘ é = : 2 g g | 19.VI.20. I}{tgg:{: | 3,85 570 ccn? 216 19,38 3,537 ;6,1 é12 gxl’l}:llo&
= : - 2021, per oon e,' 580 803, | 169 | 1448 | 2361 |66
5 _—g'jf_‘g ; o é" I é" g L 21.‘712'2.- » | 560 [100 , | 160 ] 10402 3035 |52 g Pillrllogl-
| R - 2223 ,  |s4e 020 4 1948 ¢ 2302 | 4218 |41
Sl E =P g"? 3 % §-’,_‘_-,‘ g""g:g ¥y 224 . 152 600 |, 173 | 186 | 1994 |87 |1gPhlegi-
=| Z% ZE |2 g—g':" NTAE - . VL ’L’;,\:osl ngc ‘ zin in O1
=] 22 T 3 7 = : :
= {" - JuE --3"'; 2 ] %” g P19 o Die Zuckerausscheidung Vleibt girungsanalytisch unveriindert,
e R i~ —. g - nach Benedict nehmen die Zahlen sogar ab. :
iz Ey ER:: 2 235 £ Besonders deutlich ist die Einwirkung anf den Eiweifumsatz,
55 | £3 SH1 7 J TEE 2 der auf unter die Hiilfte des Vortages absinkt, auch hier ein villiges
=4 | D ﬁ;;-;:- g 8 3= & Analogon zur Wirkung des Caramels,
R T—— = . In einzelnen Fillen wurde auneh die Wirkung auf den Blut-
2 ?/. ; . L zucker (nach Bencdict) untersucht. :
Fa \ :
=

19,
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Wie dle belden Beleplele tn 'l‘nbelle VII zelgen, kommt (]
nach 20 g Livozlucosan nicht nur zn keiner Steigerung, sondern
vielmehr zu einem deéutlichen Absinken des Blut/urkers in den
folgenden Stunden,

Gnrave u. voN Scundoen

Tabello VIL

I " Blutzncker-
o Blutzuckcr- Dintzncker-
Zelt zahlen bei B, : zahlen hei Fl. 7'1glen bei
r. G.
vor Livoglucosan 0,135 9/, 0,189, 0,218
3¢ Std. nmach 20« Liveglueosan 008 %% 019 % 0,20
‘3 $td. nach Liveglucosan 0 1204, ¢ 190 % 0,21
$ Std. nach Liiveglucosan O,IU % ! O 159, —
i

In diesem Punkte besteht ein prinzipicller Unterschied gegeniiber
dem Caramel, denn nach den Untersuchungen von Magin und
Turban'j resultiert dort, wenn auch nur voriibergehend und wenig
ausgesprochen, ein Anstieg der Werte, Allerdings ist dabei zu
bedenken, dab selbst die Mercksehe Caramose noch his zn 109/,
reduzierende Substanz enthalten kann, \m]n'eud Ldvoglucomn {iber-
baupt nicht mehr reduziert.

Falt man das bisher untersuchte Verhalten des Liivoglucosans
im normalen und diabetischen Organismus zusammen, so 1ift sich
feststellen, da die Fermente des Magendarmkanals dlcscs Zucker-
anhydrid nicht zu spalten vermogen, da ca 5-—10 ®, im Harne
wieder erscheinen, dab jede glycosurische Wirkung fehlt, der Blut-
zucker sogar etwas herabgesetzt wird, withrend die Acidose sehr
giinstiz beeinflubt und die LiweiBverbrennung eingeschriinkt wird.

In allen wesentlichen Punkten bestcht also eine weitgehende

‘bbuuumunmuu" in der biologischen Wirkung zwischen Caramel
und Livoglucosan, nur tritt im letzteren Falle die Wirkung des
anbydrierten Zuckers noch klarer und reiner zutage, da wir hier
ein reines Priparat vor uns haben.

Ganz analog wie das Tiivoglucosan verhiilt sich nach einer
schrittichen Mitteilung von Kerb, der dari xber an anderer Stelle
berichten wird,?) das «-Glucosan, ,

Nach d!(‘rUl Untersuchungen kann es wohl keinem Zweifel
unterliegen, daf die biologiseh jetzt zum ersien Male
niher untersuchten reinen Glucosane tatsichlich die

Iyl e
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Haupttriiger der glinstlgen Wirkung der gerbstaten
Kohlehydrate im diahetisclien Organismus sind. Den
Mechanismus der Wirkung der Glucosane aufzuklirven, ist die Auf-
gabc weiterer Lntcl.swhunrrr‘n.

Iis bestehen anscheinend zwei Hauptmiglichkeiten,
reiht sich das Litvoglucosan, vielleicht dureh Wassersufnalme ir gend-
wie in den gewdhnlichen Koblehydratstoffweehsel ein, miglicher-
weise indem es die Glycogenbildung hefirdert, wofir man das
merkwiirdige Verhalten des Blutzuckers anfithren kinnte, oder aber
der komplizicrte, allerdings sehr widerstandstihige Ring wird oxy-

dativ gesprengt und in einer noch ganz unbLkannth, vielleicht -

von den gewdhnlichen Kohlehydraten abweichenden Axt ahgehaut.

‘So entstehen auf diesem mneuen Gebicte der Kollehjdrat-
physiologie cine Menge interessanter Fragen. Durch die vorlieyen-
den Untersuchungen ist zuniichst eine sichere Basis geschaffen
worden, auf der weiter aufgebaut werden kann.

Wegen der besonders giinstigen Wirkung des Liivoglucosans -

beim Diabetes sowie seines siiBlichen Geschmackes wiirde sich
therapeuntisch und diitetisch dies 7 uckeranhydrid als Zuckerersatz

sehr gut cignen, doch ist bei den lhiohen Herqtdlmwskmtcn an eine

derartige \'elwenduno’ vorliufig leider nicht zu denken.

Entweder

Tan’
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The measurement and character of caramel colour

i
:

D. W. GROVER

Summary. The colour of commicrcial caramels has been studied by measuring

the extinction of monochromatic light (). 0-4 to 0-7 u} by solutions in water

over a concentration range of 0-02-2-3 g'100 ml. The Lambert-Beer ‘law’

is proved to apply within the accuracy of mecasurement, and a straight line

relationship between log E and & is established. Similar observations are

made for beverages containing caramcl. -
Based on these measurcments, the colour characteristics of the materials

are derived in terms of the Comité Internationale de PEclairage (C.LE.)

system, providing explanations for the differences and similaritics betwcen

caramels, the difficulty of visual matching, and the changes in colour which

occur on dilution. g N
A proposal is made for the assessment of the colouring power of caramel

by measurement of extinction at wavelengths of 0-5 and 0-6 w.

'

Symbols

% =Wavelength in microns. Es). = Specific extinction at wavelength A,
Iy =Intcensity of incident light. Ad =Dominant wavelength.
{=1Intensity of transmitted light. P.=Excitation purity {(saturation},
75 =Transmission = ['[,, at wavelength . Fo=Luminous flux of incident light.
E; = Extinction = - log 7,. F=Luminous flux of transmitted light.
{= Length of light path (cm). E;=Luminous extinction. = — log F'F,.-
¢=Concentration {g 100 ml). ' oo
Introduction

il paper is concerned awith the physics of caramel colour. The chemical and tech-
vol.sical aspects of the use of caramel as a colouring material are not considered.
1+ e arc four main topics: (1) the spectral extinctions of caramel solutions, {2) the

Wbert-Beer ‘law’, (3) caramel colour in the C.LE, system, and {4) assessment of
- turial power.

—

P

woahor’s addiess: MUBED Reseoe e Ladwratories, f61 165 Bourke Steeet, Darlinghurest, NS,
Yo ralia,
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: Materials

Commercial caramels used for this investigation are listed in Table 1.

TasLE 1, Caramels invcﬁtigatcd

Code Application and type
A -  Acid beverages; negative
B 7/ Brewing; positive
.C Not known
E Brewing; positive
F Brewing
Hs+ Brewing
I Spirits; alcohol compatible

*Probably deteriorated by age.

Part 1. Spectral extinctions of caramel solutions

Methods

Aqucous solutions of caramel containing 2-5 g/100 ml,were prepared. In one instinee
where the solution was obviously turbid it was filtered clear. Solutions contaiuine
0-3, 0-1 and 0-02 g caramel /100 ml were then made by successive dilution. Extincticr..
were measured from A = 0-38 u to % = 0-70 u with a Unicam 500 Spectrophotomete
using 1-cm glass cells. In some instances readings were made at  intervals of 0-01 -+ or
closer. However, after it was found that the log E vs A plot is an almost straight lin:.
readings were taken at wider intervals, e.g. 0-03 .

Results and discussion :

Too many individual readings were taken for these to be convenicntly tabulited.
Instcad they are shown graphically. The plots of Ej, against A for all cavamcls testid
are smooth curves without breaks, showing high extinctions at the bluc cnd of tix
spectrum and low extinctions at the red end. This result is at variance with the obse:-
vations of Truhaut et af. (1961) who reported maximum extinctions at » = 0-1! i

It will be established-in Part 2 (p. 315) that, for monochromatic light, the extinctios
of caramel solutions is proportional to the optical path length and concentration the
Lambert-Beer ‘law’). For the moment the validity of this will be assumed. This it
expressed in the cquations:

Ep = Es\ x I, o
log Es). = log Ex — log l. » 2

063
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" Plots of log Esy, against 2 for caramels A, B, C, E, F and I are shown in Fig. 1.* It
is seen that they approximate very closely to straight lines. By the usual mathematical
procedure the best fitting straight lines have been found and are defined below by

regression cocfficients of log Esy. on 2 in the general equation:

Values of @ and b for the various caramels are tabulzitcd in Table 2

Tasre 2, Regression coefficients of Es, on X for com-
mercial caramels in cquation log Esy = 2 +

log Es) = a + ba.

Caramel a o
A 3.07 ~—5-08
B 3-36 —5-11
Cc 323 2512
E 320 —5.22
F 3-28 —521
H 3.06 —4.76
1 3-84 —6:56

(3)

Similar plots for a pale ale, an Australian whisky and a caramel-coloured cola

drink are shown in Fig. 2. The rc

Table 3.

gression coeflicients for these beverages are given in

These figures can be compared with those for North American beers, calculated

from extinction data published in 1962 (Stonc & Miller, 1962).

relationships when plotted
eflicients are given below:

The & o5 log Es, .

give almost straight lines for which the regression co-

l" .b‘
___ Canada (7)* 0-25 —5-82
New York (29) 0-10 ~568
Wisconsin (13) 0-30 —6-27
New Hampshire (5) -0-01 -574
New York (6) -0-08 —569
Wisconsin (9) 0-16 —~6-35

* The numbers are those in the original paper.

* For convenicnce of plotting the graph shows log Er, <+ 5. This in no way atlects the diveusion.
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-F1c. 1. Relationship between wavelength and specific extinction for some caramels.

Taere 3. Regression cocfficients of log Es; on 2 for
beverages in equation log Esy = a 4 b
Beverage a b
Pale ale 0-10 - —557
. ' Whisky 0-28 —576
Cola drink 0-37 --510
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Fic. 2. Relationship between wavelength and specific extinction for somnc beverazes.
1V, Whisky; B, beer; C, cola.

Discussion » .

The ‘b coefficients for caramels A, B, C, E, F and thc cola drink arc almost equal,
with 2 mean of —5-15. The lines of slope —3-15 which most closely correspend with
experimental data fall between the points marked ‘X’ in Fig. 1. These are so close
to the ‘best’ lines (as drawn in full) as to be almost indistinguishable. A consequence
of identical values of °4" is that a solution of onc of these samples can be precisely
matched in spectral transmission by a solution of anv of the others by suitably adjusting
the concentration. '

_- Part 2. The Lambert-Beer (LB) law

This “law’, contained in two propositions propounded respectively by Lambert and
Beer, applics only to homogeneous monochromatic radiation. It has been expressed
verbally in several ways. Mathematically it is contained in equations {1) and (2).
The validity of the LB law has been established for sugar house products—which are
similar in many ways to caramel (Stone & Miller, 1962). '

Oue test of the LB law is to find out whether sy, changes as the concentration changes.
1 will be seen in Fig. 1 that for cach caramel log Esi is almost independent of e There
is some scatter of the observations, notably at higher wavelengths where the vee ol @

u6s
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logatithmic function exaggerates the error in measuring small values of E. To establish
morc formally that Es;, is independent of ¢, the divergence between observed values
of Es;. and the best fitting line have been correlated with ¢, for three wavelcngth ranges.
The results are given in Table 4. :

Tasre 4, Correlation between ‘deviations from best fitting straight line and concentration

Wavelength No. of ~ Correlation V Regression coefficient
range observation coefficient Probability log Es, on ¢
0-1-0-49 52 0-223 01 . —_
0-5-0-39 70 0-269 0023 0-021
0-6-0-71 75 0-209 0-1

Although there is a significant corrclation in one range the regression cocflicicnt
of log Es;. on ¢ is very small, a concentration change of 0-1 being associated with a
change of only 0-3%; in the specific extinction. It secems likely that the observed cor-
relation is due to a small systematic observational error, rathcr than to any real
departure from the LB law. :

The validity of the LB law has also been tested aisually in white light. A Hellige
colorimeter was used for this purpose. Solutions of different concentrations of the
caramel were placed in the two cells. The length /, was varied and the length /..
required to obtain a match, was observed. Results are given in Table 3, where the
observed values of /, arc compared with values calculated on the hasis of the LB Luw.

The small differences between observed and calculated values of /, are not syste-
matic and can be assumed to be duc to experimental error.

It is concluded that the LB law applics to solutions of commercial caramels within
the limits of accuracy of the present experimental observations, and within tlu. limits
of practical importance for the use of caramels as colouring substances.

Part 3. Caramel colour in the C.LE. system

The value of caramel lies in the character of light transmitted by the beverages and
other foodstuffs in which it is used. This is obviously true for transparent materials
viewed against the light. It is also true for coloured objects viewed by reflected light,

when the coloured cflect is produced by penetration of the light a small distance into-

the coloured material followed by internal reflection.

The visual colour depends on the distribution of intensity of the various radiations
in the visual range. Although this can readily be measured with a spectrophotometer.
interpretation in terms of visual effect is a complex and incompletely understood
problem. In order to bring the relationship of distribution of radiation and visual
colour into i form amenable to mathematical treatment, certain assumptions and
conventions have to be accepted. The C.LE. system of colour definition contains such

uos
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TasLE 5. The validity of the Lambert-Beer law with white light

Left-hand cell - : Right hand ccll
{, (cm)
' 4, s
‘g 100 ml) (em) (g/100 ml) Observed Calculated Difference
0-5 05 01 249 - 2-50 —0-01
02 - 121 125 —0-04
03 0-81 0-83 —0:02
04 0-61 0-62 —0-01
05 0-50 050 - 0-00
05 - 1-0 01 4-98 5-00 —0-02
0-2 2.51 2-50 +0-01
03 " 170 ’ 1-67 +0-03
04 1-26 1-25 +0-01
05 - ‘ 1-00 . 1-00 0-00
1-0 05 05 098 1-00 —0-02
' ‘ 06 0-83 083 0-00
08 0-62 0-62 0:00
1-0 0-50 0-50 0-00
10 10 05 2:02 ©200 +0-02
: - 06 1-67 1-67 0-00
08 1-29 125 +0-04
10 1-10 1-00 +0-01

«ssumptions and conventions, but is well accepted as a good means of practical colo:
definition. In the C.L.E. system any mixed visible radiation is represented as a mixtu
ot three specific monochromatic radiations (e.g. &; = 0-700 g, &y = 0346 », A5
11338 u). The respective amounts of these required to give a match, .called tl
wistimulus (.Y,2,2) values of the mixed radiation, can he computed from the spectr
fransmission. Anv mixed radiation can also be defined as a combination of whi
35':!_11 and monochromatic light of wavelength i.d, where 2.4 is the dominant waveleng
" the mixed radiation. The colour and intensity of the mixed radiation are the
. +mpletely defined by three parameters:

F = Luminous flux derived from the tristimulus values.
+d = Dominant wavelength.
P. = Excitation purity.

I'he light transmitting propertics of a transparent colourcd medium can similar
Lo defined by three characteristics, cach equivalent to, or ilentical w one of the thre

Vo3
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cllaracteristics of the transmitted light discussed in the previous paragraph, and each

- independent of the intensity of the incident light.

These are:
E; = Luminous extinction = — log FF/I% (for an equal energy source).
ad = Dominant wavelength. :
P. = Excitation purity. _
The relationships between Ey and, respectively, 2d and P. for two hypothetical
caramels are shown in Figs: 3 and 4. The caramels, marked respectively ‘315" and
¢6-56" are assumed to have the following log E equations:

515 log Ex = 309 — 5151 + log I,
6:56' log Ex = 3-8+ — 5561 + log lr.

In the figure arc also marked the values of Pr and d for the three beverages included
in Table 3. '

Discussion

The fact that the majority of caramels have parallel straight lines for the log Esa v 7
plots (Fig. 1) means that any solution of one can be identically matched by a solution
of the corrcct concentration of any of the others. Some materials, ¢.g. caramel 1,
covered by this paper are not alike in this way. Differences between them are illustrated
in the graphs of Figs. 3, 4 and 3.

The dominant wavelength, id, is of immediate interest. Fig. 3 demonstrates a familiar
phenomenon —the change in colour from decp red to yellow which occurs when =
caramel solution is progressively diluted. The dominant wavelength of light transmiticd
through dilute solutions of low extinction is about 0-575 g, while for concentrated

* solutions of high extinction it is about 0-658 u. The cola drink in a depth of 10 ¢m

has »d = 0-619 p. As an indication of the visual quality of these wavelengths the
colour ranges are set out in Table 6.

-

TasLe 6. Visual appearance of monochromatic
light of various wavelengths

Colour ranges = 0-57-0-62 1 (Kelly, 1943)

Above 0-618 ‘Red

0:596-0-618 Reddish orange
0-586-0-597 Orange
0-580-0-586 Yellowish orange
0-575-0-580 Yellow
0-570-0-375 Greenish yellow
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Changes in saturation or extinction purity (P.) with increase of concentration
are shown in Fig. 4. Dilute solutions have a relatively unsaturated colour. More
concentrated solutions have higher P, values. When E; > 0-9 (d about 0-39), P, = |,
Fig. 4 reveals differences between caramels ‘3-15’ and ‘6-56’. The latter has greater
P, valucs when FEj is less than 0. .

The LB law provides that E) is proportional to both the light path and the con-
centration, and it has already been established that this relationship holds for caramel
solutions. However the luminous extinction E; of caramel solutions is not proportional
to ! x ¢. The luminous extinction increases less as concentration is increased than
proportionality requires (see Fig. 5). '

Part 4. Assessment of tinctorial power of caramels

Scveral methods of assessing caramel colour are in current usc, and the caramcl
manufacturer is frequently required to specify tinctorial power in different wavs
for different buyers. The commonly employed methods are of three types:

(a) Visual comparison with some standard reference such as Lovibond {Salamon
& Goldie, 1900) or European Brewing Convention (1950, 1952, 1953) glasses.

(b) Comparison with some standard (Trubaut, 1961) reference by means of an ab-
sorptiomcter.

() Mecasurement of the extinction coeflicient of a solution in monochromatic light
at one or more wavclengths by means of a spectrophotometer (Gillette & Heath,
1954; Deitz, 1956).

The limitations of visual comparisons are well known. Nevertheless, for routine
testing of caramel for a specific purpose reasonably consistent results are obtained
Lovibond glasses have been in use for over 65 vears. The E.B.C. comparator has been
introduced more recently and is widely applicd to caramels for the brewing trade.

Instrumental techniques give more definite and objective, but not necessarily more
useful, information. From what has been learned about the light transmitting propertics
of caramel solutions it is obvious that a single measurement cannot provide a complete
colour assessment. '

-

Spectrophotometric measurement ‘

Various suggestions have been made for the best wavelength for measuring the light
extinction of caramel and caramel-like solutions (Gillette & Heath, 1954; Deitz, 195",
The International Commission for Uniform Methods of Sugar Analysis (1958 has
proposed 0-42, 0-56 and 0-72 u: 0-42 u for lightly coloured material, 0-56 u for duwrk
materials and 0-72 y as a basis for correcting for turbidity. In the absence of a spectro-
photometer similar readings can be obtained on an absorptiometer using Iltord
filters having appropridte transmission bands. The transmittance results however
arc not exactly equal to these obtained with a spectrophotometer.,

¢
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Fri. 5. Relationship of luminous extinction to optical path (/) by concentration (3]
for two caramels.

. Some theoretical basis for sclecting the wavelength is provided as follows:

{a) If two caramels have the same values of ‘4’ in the equation (3), their relativ
colouring power will be the same whatever wavclength light is used for the com
parison. If the ‘6" valucs are different, their relative colouring powers will depen
on the wavelength of the light selected.

‘b) As an index of the colouring power of a substance it is reasonable to use th
extinction of light of a wavelength which is significant in dctermining the colou
of the transmitted light. This criterion can be applicd in selecting a wavelength ¢
light for extinction measurement. The light which contributes the most to the luminot
flux of the transmitted light is that for which 73.I%. is maximum iwhere 15 is th
luminous efficiency of the light of wavelength ). * This has been calculated for solution
of caramel ‘5-15° for values of Ic = 0-5 and 2-0. The maximum valucs of 73,15, for thes
sulutions occur at 2 = 060 and A = 0-63, respectively, A proportional change i
Uransmission of light of these wavelengths thercfore has a greater effect on the qualit

“! the transmitted light than the same proportional change in the transmission of ligh
“any other wavelength, '

* 1% is the relative spectral luminous efficiency of monochromatic radiation of wavelength 2. fo

[ . .. . . . P - .
phntapic vision as standardized in 1924 by the C.I.E. Consider two radiations of equal tuminous flux

RSN . - . . . . . .
# v wavelengths 2 and 0-335 u {the wavelength ol maximum luminous etficiency | aud reldive eocryie:

freoectively e and eg.555. Then Va = £4.504/ 20
9°333 £9-333
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* {c) The light absorbing properties of any of thc caramels included in this s
arc completely defined by the two parameters ‘a’ and ‘¢’ in the cquation .3'. By
a’ and ‘4" can be evaluated following the measurement of Ej. at two different wi ,

' lcngths. The second wavelength is sclcctcd to be: (i) sufficiently close to 0-6 4 for g

measurements of EA to be made without changing the concentration of the caram.
solution, and (ii) sufficiently far from 0-6 x.to prov ide an accurate base for calculutior
A wavelength of 0-5 « sansﬁcs these conditions.

’

Proposed spectromelric procedure

It is proposed that the specific extinction Es, be measured at wavelengths 0-6 an

0-5 4, the values so obtained to be designated, respectiv cly Es (0-6) and Es 0-3).
The colouring power of the caramel is then defined by two figures:
(i) - Specific extinction (& = 0-6) i.c. Es (0-6).
(ii) Thc value of 4 in the cquation log Es), = a + &).
This is derived from the equation:
b = — 10 [log E5 {0-3) - log Es (0-6)].
Es (0-6) gives a primary measure of the colouring power while 4 gives an indicatio
of the change in the colouring power on dilution. Es (0-6) and ‘4’ figures of some of th
commercial caramels included in Table 1 are listed below in Table 7.

TasLe 7. Tinctorial power of commercial caramels

Es (0-6) Y
A 1-05 —508
B 1:97 =51
c 1-44 —512
E 1-17 —5922
F 1443 ~521
I 0-80 —656 - -

These figures are calculated from the data presented in Fig. 1, namely the be
straight linc through the plot of log Es, against 2.

Acknowledgments

Gratcful acknowledgements are made to the Directors of Mauri Brothers & Thomse
Limited for permission to publish this work, and to Dr R. A. Bottomley, Vice Preside:
Rescarch of the same company, for encouragement and criticism.

1063



Caram! Colour ‘ S . - 32

References

Drirz, V. (1936) 7. Res. natn. Bur. Stand. 57, 139.

i xoreAN Brewise Coxvextiox (1930) 7. Inst. Brewe. 56, 373.

fororeaN BrewixG Coxvextion (1952) 7. Inst. Bree. 58, 147,

tororeax BRewing ConvesTtiox (1933) Analytica, 304E.

Graette, TR, & Heatn, W.D. (1954) Analyt. Chen. 26, 1780.

15 1ERNATIONAL CodisstoN FOR UNirorM METHODS OF SUGAR ANALYsiS (1958) Praceedings, 12th sessiot
subject 13}, p. 51.

Krrry, K.J. J1943) 7. Res. natn. Bur. Stund. 31, 274.

saravmox. A.G. & Goupig, E.N. (1900) 7. Soc. chem. Ind., Lond. 301.

srosg, I & Mrieer, M.C. (1962) 1Wallerstein Labs Commun. 25, 143.

Tarnart, R, Castagzov, R., Larcenav, S. & Lasatie-Sast Jeax, V. {1961) Bull. Suc.
Pharm. Bordeaux, 100, 145, ' .

U0 3



Reference 072

Thié is the best copy available to time of
Monograph reproduction. Better copy has been

- requested and will be delivered when it

becomes available.



Industrial Bio-Test Laboratories, Inc.

Subacute Oral Toxicity of

‘Caramel Colorings in Dogs and Rats

Unpublished (1962)

A

1072



- NOTE

In thls report caramels used are 1dent1f1ed

‘as follows:

1. Sample A, single strength
. Corn Products Refining Co., closed kettle
Carbohydrate: starch hydrolysates
Catalyst: ammonium hydroxide, sulfur d10x1de
S and sodium bisulfite.
'~ Analysis: 0.6% N, 1.0% S

2. Sample B, double strength : :
S Corn Products Refining Co., closed kettle
Carbohydrate: starch hydrolysate
_Catalyst ammonium hydroxide, sulfur dioxide
and sodium bisulfite
Analysis: 1.4% N, 2.7% S

R4



S ﬂfdvx»f,cz! 8107257 £ ’J’”’Jvﬁ/«a ﬂr'c
- T " 1810 FRONTAGE ROAD

) i _ >
LT T et NORTHEROOK, ILLINOIS
A . S 4 To!pphoho CRestwood 23330

_ L4 .
¥ .
. .
. »
. . . .
e an o .
-—,
———
. —
-—
-———— . -
——— - .
— - . —. .
-—— s . .
' . enma. - —r e
- - .
-——a - A -
... - - e

- .7 L. . .o REPORT TO
) .. . CORN PRCDUCTS REFINING COMPANY
- SUBACUTE ORAL TO)\ICTTY OF

e TCARAVIJ:.L COLORING (CODED SAMPLE A) - DOGS -
) e Do &8 ' : z/i:./(,,_, _

N M#Q.ﬁb\cﬂ aac }*

\‘H:'L . S L B

L]
-
@
a
.
B
-
- ",
-
T T e, o R
. e e ¥ ..
—AmEnartam o -
. S X T
——mAmTnzieer - -
. ol ST e N W emea
Rachendialio ol - e e - [ -
o - . — - - . 5 =
.
~



&

. Cutliae i Izvestiza

i ana

L0

* o @

tion cI

(2

- P
%]

-
-~

Cz

ganis

L Y-
el o
L ] L J
L J [ ]
e .
[ ]
L] A
. )
T .
A.. . .
. . s’
fo . :
RIS
- -.
8. .
1«..“ . -
R
de
3 Q”
L €3
g4
g qa
v - u
. <
J&u . onn.ud
Q- ort
N
Y| -~
b "
& 3
*q «J
o 0
o 3
3] k
o X%
fq 9
- -
(0

® “ -
* - -. L]
[ 4 *® L]
) e e
° [ * [
[ ] - *
L ] [ ] »
L J ® [ ]
) L ] L ] *
* @ *
. & .
. -m Toe
1]
° Py -
* | Fv.h L J
. ..w -
[0 I
o< -..0 -
<) G
V] A .
€4 )
14 '..W Y
2] 3 .
9
] . °
o W
- Q et .
B B AR
£y Q0 .
S~ 9 .
3] h _
o} '3 .
-.-.“ oy
sr? aru. [
. K P .
e
Tooa -
o o .
) 0]
58 -
4 (¢} hY
om T4 ub
: Q0 £
w
. . 8
g -u

T

eaciins

y Iunci

* & o & ¢

ol

N,
-

Pat

G.

* o



072

. oy
(]
ﬁo~4.
[ )
v °
Rt © .
L]
.
- e
.
. .
.
. .
. e
.
' Oy 'Y
.
[ P
. .
i .
. .
. ‘.
. S
4
e
. -
o
*. .
. »-
Sae
--
.r
L

. 7 * .
. ' ‘ -
. . .
. *
. . \ " 't . . N " .
N . L) . .
' . g R .
. . ot . B g .
. .
. A . . .
. 0 , f
. B . .. : ‘ ‘, ’ .
te ‘ . .
. . . ) . i
N . » Y . . > ) . . .

L] ! ® - ’ : . v
L ) » L J
. e e
. o’ .
e e ,
. [} ou.
. e .
. .- ..
o o * o
. . .
* ot .n i -
e . e -
e I e
. .
e T e
.. .
L ]
*’ .
. L4 N
. -
. ® MN
..m.” .
. * e
.. f
R (]
ort
[ .M.“u
a 0
. !
by @
t o
& 9
-t A
Q i
‘\“ "
% ..

-~
L =)
L]
L]

D
oy

fa




-

'RESURT TO

NG COMPANY

Y
CORP-P ¥

I
- o'y

i, CO

-y
Ry

-
A.‘":.H

AR
L o)

.

Trovs

AC.

s YR 53 41

~otios

IS
H

o s ds
—ve

- -
e &) gen o K
CJlille O

N
Irt=cdveti

1

e Corm:na

-

ny fo

-

-

A - ss 8
Products 2ciinin

-n

-:Co

te crzl tc

ic

-
Py

-

ot
SUusS2C

XY

each, cvealy divided as to sex,

-~
-t

qhu

49

-

’12. 5 and 2

5 per cen

to0 5.0,

ple A by weight

1y,

Ve

resnect

-

S, & Conirod

of six doas was

Toup

ig

-

S 2 Y
cose 3

In zdcition to the three

TrounD

ed the baz

a4
-~

b33

Aemy 3 em S
L1

—
£y

ic

£

dict cc

e sex and dose grou

i

Sated

Inc

being accom

.

A
)
.0

A
K<
Gy

0 .

(4]

t9

e

F
v
C R
. G
] <9
0 M
U404

At re:

igation period obscrvations

intervzls duriag thc iavest

h |
malaz



(072

.

L)
{mos-
¥ fun
.
<

¢, . .
%) 9 m ......u . ce . S
S :..M od _ - . :
Y] n. t ..a . ¢ . ‘
4 0 9. 9 SRR e
ow.n [ 2] 3 Y * : _ * ’
.- SRR - S R
- ot * o
1] o .m.u. t o ! , ’
O e o2 . Q > . .o
.l.u g Lo .. ..M._. . S '
I P S :
[ ,. X (4] 3 L . . . : .-. *
o BT aapg s SRS
ﬂu Gy oy [0} fm * * . . .
, g4 3 9 -4 S . :
7 ” ¢ ; . . A
. 0w ..W M.u M ) .
oy oy o . v .
Tohow 9y .
0 ord .‘. v ' ) . °
. ui 14 Q fon B .7 T ’ .
(<] | e e N
- ) Q . . e ot
e ~t et o P ) A
L..v . © 9 ord . . . ; A .
3 « 1 o 'Y SR :
o g - 9 “ X . - :
by N. m ) @ T
o. Aw Q -t 3} e . .
3 W A ot ‘ SR '
* 0 " . L9 . _
R T SR« I | .& O . : 5 .
B SRS 9 e o ot
A“ \ [« 1 v =1 . . N
A 0 o . O 53 . . . pa ‘
b] .u X we 9— 4 .
Q.5 - g (3] ™ A ! :
3 -4-.“ o tm..u , LI s L .
toe g0 R RN ' '
v 3 . §! Y : o ol
4 e 8 o O SRR
Ll $e -M [#] .“.\“ ! ” ) T t
Q. e ; 4 . !
14 ] d HE , . S
’, . “m o mu ' &w o ' ' ' . . '
) N OB % & : Coee .
. Pty 4%” o] "y . - Lot .
- h a OM“ om . : ﬂ
L T ‘ , v ' : '
. ” m . s [ : o' . .l .o ! 4 ‘ . ; '
. ! f ; ° . N
v . : . . )

5 . : K)
. 4 [
. L]
i
. L] .
"
. . 1
3 ’ H
; i
- 1
L
o .u
: ' !
K
N . . L
v .
. : m_
e " +
: S : cop
. o T ,...
L] “y
. *
e . . .
) . SRR b
. R [l
[ . . i
. . : . ._
. . S e
. KL el
R s ¢ Seee 0
. E 3 " . 4.
: . t
s . PRI PR Cle e
S L. ‘ L N
Sl Ty
. - . ST .
) . o . . "
R .
. .. “ N :
e
0 3 . . '
. M - [ .«
X . RN S
A ] . Yy
. . SO Lo
Y . e . ._.
. PRI
. Y, P S .
N . . .
. » N ’ . .-. M L4 [
. > ' o wr e
. . C e . voi
L] . !
. . . v [ "
. s - v
. . g !
DA .-0 (]
. . PN
. .. . M
. I
e, . ‘ v o
R . . 5 . Y 3 B
- . M ) . i .,
. . ca LN B
st . g L :
.. . . O N . ¥ sy by .
H e . [ ._
X} LN
. . CLty S
. , o M1
. X L . oo
0 FREAEY
. R . s « o ¥
. §o
- . B . v e " h .
. . _~. *h
: y <L
v ’ st ., . N
. e . . - - — .
H Ta e ! ‘ !
o e N . [N
[ l
i » ¢ +
3 Lo '
. .
.ot , . it
. . . N te .—
. M -—
.
. ) : e .“m N
s . . . :
. " . : * * " ' .-
M - *
. [ . ' . *
. * . . L. N
. v * e 5
R L} o P "
. . \ . L]
+ ' ' "
. . . d
e . kY L
. . . Nl .
* ’
i . [N
: e
. o
. ' . 3
§ ‘\ . . oh .
N !
~.
- L




Loz

L4 -
s -ae gt
LTIl UIRIC

v

Tn
&

T
-

Fa)

.
M Oy Ay
R CTAT Y

e &

.y

CAL

>

e

C.

zidle for

eli

e
-+l

ALK,

N - . -
isicaiicnanc

cam ey tIdy o -
U;Js-&bux.), a..

‘cotious

pex, infec

of a

O

svats

w)

Al dogs were ua

for tvro

theinve

2.3,

artof

IS *o &
rtotac et

prio

Secks

e

0o
. -1 [y
N @
. *» .
7
Q
. /3
.a [11] ... e
’ w oo, .
e .
. .o " .A. . . v
! AT T D
. 0 e
L e
T R -
' . ot .
. m “U ']
ol - Q
3 v "o
b “ .o
) n 1y !
‘ 3 ] . 0
. FEy ., O
SR 1 0
. e 3 Y
i Q
] o
e -« o, " —4.—
B R e
] ¥ £ ¢
P “e 0 v
I.Y c sysd . N
3 +? H
o o qd o5
.
n.m .w ot ' [¢]
[ 4 S
e 15 ) —
o (&) (o) ) 4
-WA. ..v.“ -o.. ~
) al @ a
o Q- °
ﬂ.‘ . r %. v. osed
o Q 4 9
| I e
w B L) e
M 0 0
[0 ] 3
. 1 » N . . P
B A
.

-



%

+
. N . : / * )
] ¢ ' ' g
. . - ’ -m. ‘ ’ ’ ) ' N -.. LR
. * . . . : : . .. . . . . n. i T A . Y .
.A.. . s . . . ' . Y . * ¢ .
» - .
. * ' . . —o . : . B .
- L] ’ . . . . ! N ' .
. ; : ... . . ! . , : K ‘. .. . : . .-.. O M .
“a ’ .U- ot ' ’ - . i oo . ! ’
- o ‘ w9 : SRR o ' . . )
.c. £ 3 LV 5 ) a ’ . . : v, :
1 el : — % g . J B .
H o : Hd . . : - ‘
. 14 . . . . oot e s . 3 R .
H < . . . . " : ; ' e
I I N S S 9w o : o .
: <8 i : : . . :
. ' . e »"e ' N N . . . . ot
0 ”‘ + s m-“ ._ * ' v ] : ¢ ! . o . g
* Y4 ' vm.w ' ' ' v U T o R .
; 14 . . . . PO o . .’ ¢ . N
. oa < . wl ) . R ‘Y . . L . - . . . Lo .
- - - BB R Ay . :

. o . ) . B . e
o 2 B . . 1 .’ © fed e . « 7 ’

- ..
W . O . o e o . .
14 ..0,. . x 3 . t . . . e . .
‘e - . . ‘ ° . . . ' . ¢ *
T.“ " . o, . W H s ; *, . ‘ « P v, * .
r a . K - R et O A Lo AT Lt NS . T e
- R R PR S @G L R .
P 4 - % ] .o . e P A . . L e
A. ) ] D B oo M . : P N . . . . * : .
] . - ». . 3 T * : ! ! *
- 3 > b .. QW . .. . Ca . " ‘
. TS e * ¢ * . . : [4 EAE : AT '
. ﬂb . ’, ... N . . o . ®
) o "..W o b o Mw Y ' .o ’ S . L : vt
0 [T ! s ‘v . . g =3 . : ) o . . : " v
- G ﬂu C . 6 z —D .'( ﬁh . ' ’ u- s * . . ..x o .o, ' . m .
Y "1...2 - - . : . g R ey e .
. A - - D B . Ve e e o oL ..
..b »J« . L TS . [ ’ ’ ! ; . $o!
M . . . ' el oo ' ’ ' . T Tl ' o ' ..
. . A n v : : . o HE o v .
ao et * ) ) 93 mc. SRR . DT W ot . T ’ . ’
. ' 0wy .o PR e e i
.. . . @ [#] L : t ‘o . .m., * ’ .k. o "
' . ~t * e O . ) .. . . . ' e . . ...... .
. . e Y I | . ' K ’ o ‘s o ‘
. gl 4 ) mm 3 T L el ’
i a £ = . . . ) , . - R .
e & Co : - . . s .- . N . ‘. . . * .
. ) . .. . ' * . , - N R .
- P . . : R . oo ool ~o , SN . . ’ ) .
-. -v . . 5 . . LY . A , . .
; . : . o : . " . . . .




&
o TASLE X
. ¥ T hd
= 4 .
Dietary Cenziituents ‘
. _ . Per Cont Comzosition of Sicis
© Ceonetiteent __Cont=0l Crcous Crous I Groun Il Croun il

2 Chow? 8.3l 8231 | 75,81 63,3
110,05 710,050 - 10,05 10,05
c Comon® . L6t - 1.6 1.6 1.64

- Sample A ST T 800 12.50 25,00

O'Z'A

t
|
o
o
.
©
C

100.60  160.0a  160.C0

A o - - N -- -, — . - ) ~ . .
S - lverized Purina Doy Chow « Ralsioa Purine Company, St. Louis,
’ Miasouri | S
B, Xec:x ..»-3"::_;:.-:- - The Quaker Czts Comnvnzny, Chicaszo, Illincis

e PELy
¢. Mazola Corz Oil - Besi Foods, Divicion of Corxn Products Co..
" New York, New a.o::l-. S : .




T TR ﬂr:u.dz./ 2:s -
' L ' 1310 FRONTAGZ ROAD = .
NCRTHIICTK, LUNGIS S o (.-’

R . , * Telephone CRosiwood 23339 ‘ o N R <
e e EE R i‘eb'rua:ry- 15, 1962 s o 15

hd o B ! o ) o . . Ee e . .
. Dr. Dorcthy Rathman T A RN o
Corn Procuc..s Company ST T ST e A

Argo, Llinois ' ' :

. L. 1

Dear Dr. Rathmann: .
. $

[

This letter is in answer to your question regarding the report recently
sent to Corn Products entitled "Subacute Oral Tox xicity of Caramel

B |
_ Coloring (Coced Sample A) - Dogs'", . . L :
_ On page 6 of the report it is indicated that the test ration was fed 5 cays ) r
Per week and that, on each occasion, food consumption was recorded
after permitting the dogs one hour to consume the daily ration. This is . T
correct.- Oa the remaining two gays of eacn week (week -ends) the dogs (T
‘were oiflered equivalent amounts of conirol food and consumption of this LW
fo0¢ was not recorded quant itatively., Food ¢ coasumpiion data present d '
in the report is applicable to test food only. s
. . A N . . . . . ) %
. Very truly yours, .
- .® . .-.' ) .' ; - . .~ P ] '. . ; L ) v4‘. ) . . R . - - . . '—
STl T Qe K L
L o " L o LT .‘ . - o - -' . . -
Y i. c, s . . ) - X . ’ . i .. T ". . . ) JOhn H. Kay, 'PAAQ D. . r'
o ..+ 4 o -+ . Associate Director i
e - . V'.; Fe e . . - - PR - - R . . - . . ,
JHK:gm , et Lo . r
. . : e
- -. - - _.‘.i .-
.. - . . - . : r
.‘ : - ‘ ) ( L
. L
M et * LY - T »
N . N r:
¥ . & - ¢ - - -
- S - ©
. ° -
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L] ﬁ_f
r ,
-
fomoslabin, /200 1} krythroeytes, WMillions/owam®” Leukocoyies, Lhotizndali.oun’
- J ? ? ;
Ll Samler . Days: I Daye: S Lays: :

. and Scx v 4D G0 ¢ 4ih G (VR 2L Gy -
1.} 10,2 11.9 10,8 - 5.2 6.4. 5.5 C12.9 15,3 . 17.9

z.M % 12,6 -13.6 12.7 - 5.6 5.3 6.6 - 159 143 153 o

30 0 15,2 13,7 12.) " 6.3 6.2 5.9 14,8 13.¢ 14,3

T Male Mean 12,0 13,1 11,9 5.7 60 6.0 . " 145 145 16,0
4-F 105 1L9 145 5.5 - 6.z T3 2.4 142 1as

5:F - - 13,3 12.2 . 141 5.4 - 6.8 . 6.8 Co19.3 147 1446

61 © 13,7 12.3  13.7____ 6.8 59  TX ' ye7. 162 13,9

" FemplelMean 12.8 12,1 14,1 5.9 6.3  7.1- - 19

Group!—ﬁzcan 12,4 - " 22,6 13.0 T 5.8 6.2 - 6.6 10,8 14,6 - 14.8
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TALLL XL

Hernoglobin, -Erythrecyte, and Tolal Livkocyte Couat -

- Test Group 1

Dog Number

Ifemoglobin,. g/100 wd

Days:

Erythroeytes, Millions/nrm

Vayse

)

o Sty
-+ 4
Levkoceytos, LThousands/man” . |

. Payas

. and Sex 0 45 90 0 L5 c0 0 45 Gt 3
1-34 10,4 12.2 ' 10.7 5.7 6.6 5.9 22,4 15.8 "/,?.."9\
2.3 10.3 13.4;‘ 122 YB3 - B8 6..'2 23.6 14.9 - 17.6
334 11,7 13.4 2.6 5.5 5,7 6.3 19..6 16,3 20,1
Mele Mean 10.8 33,0 11.8 5.5 6.0 6.2 2.9 15.6 26,5

4T

s 5T

11.4 12,9 ° 13.5 5.5 - 5.8 = 6.0 25,4 15.3
6-F 12,3 13.2 126 6.3 - 5.5 6.8 22.1 17..6

15.9

- pran

Fernale H4ecan

- Qrovp Mcan

5.8 6.0

1.2

17.8

20



-

Jlemoglobin, Drythrocyts, and Total Lavhocyte Count

\

®

TAMLE XIT

Test Group J

]

Hemoglobin, ¢/100 1l

Lrythrocyies, Milliong/rnnd

Liovlioeyte:, "J.‘}:qusa:.u‘d-s:/ 2

Dog Numnber Days: Days: Laya:
ard Sex 0 .45 90 -0 £5 96 0 45 ¢
1-3 11.5 . 12.9  13.2 5.6 5.8 6.5 21,7, 18.3  20.4
S . .
5.2 5.9 6.2 26,3 5.7

11.3 13.6 12.1

2.7 13.7 13,8

/4'200 0

9.3

20,1

21,3

11.6 13.4 . 13,0

21.6

o

5.F

6-¥

12,7 14.1) 11.4

11,9 13.3 - 13.6

12.7 " 12.9 12.7

1.

27.0

2?450

Femala Mean

‘v -

Group Mean

2.4 13,6 | 12.6

12.1  13.5  12.8

l' 6.6

66

220 |

e



TALLE XUL -
T . - Hemoglobin, Dyythrocyic, ond Tetal Levhoeyie Count .-

Teust Grouwp IU
- -
- v

Lrythrecytes, Millions/mm? Louvkoeylan, Thounoada/ v S

Hemoglobin, g/160 ml

Log Number Dayo: Loys: Sy ]
and Saoxt ¢ 45 90 0 453 g0 ¢ 5% ¢y
1-M 1.5 - 32.3  11.6 6.2 6.6.. 5.8 11.5 14.5 . 13.5

T 2-Me

3.M

11,6 1.9 12.1

12.3 13,7 . 13.3

1
.
($1]

w1
L 3
Ivs ]

6.3

Male Moan

oY

5.8

1.8  12.6  12.3

11,2 1z.2 0.1

10.7 12.3 12.9

13.1 12,3 11.9

6T

17,0

Female Lean

Group Mean

1.7  12.3 ° 11.6

11,8 12.4 . 12.0

16. ,‘-

PR

2101

o
L
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’ " * . ‘ . ! L .\ V4 ’ ) B ) v ‘ . \’.
. ' L. 0 . L . Co

PABLIE Y

; 1 Differential Levhocyte Ceang | _
= Control CGhroup
. .‘ )
: 'rs':'n';r.‘.bc.-.r of Gells por Iadsed T o :
: Lymphocytes Monocytics Neuaivophils Eoginophils © = Basophils ‘ .
Dog Number Dayas Dayse Days: - Nayss Toyas ;,
endBex O 45 90 O 45 90 0 45 90 0 45 -90° 0 45 90
1.4 ‘260 25 23 6 3 1 66 64 66 2 T 4. 06 1 O
zeM ¢ o286 27 20 7T 2 6 62 63 70 3 & 3 0. 0 0
3-14 %0 25 . 25 6 - 4 5 606} 64 5 T 6 O 0 0
MaloMern 26,0 26.7 23.0 6.7 3.0 6,0 62,3 62,7 (6.7 3.3 1.7 4,3 0 __ 0.3 &
A-F . 24 21 29 6 1 4 67 62 60 2 3 7 1. 1 0
by .. 26, 21, 256 5 4 6z 69 63 6 4 8 0' 1 0
6-F 79 29 30 5 5 5 50 6258 6 4 7 "1 0 G
Feeale Mean 26,3 25.7 28,0 6.7 5.7 4.3 6.7 64.3 60,3 4.7 3.7 7.3 0.7 _C.7_0
GioupMeun  27.2 26,2 25.% 6.2 4.4 5.2 625 63.5 (3.5 4.0 5.7 58 0.4 0.5 0
, - N
[N

A/q g

210 |



\ - I . o e — —_— e — e e—— . ! —
/

A o . ‘ . Lo . LNl ‘ . . . P oL \

CPALLIS NN

.o L . Irfferontial Lenkocyte Gount " .
' Test Troup I ; |
. S Number of Culls per Divndred R -
. - . Lymphocytes Monveytes Meuivopbils Moginophile - Masopbils
 .Dog Nuwaber . . Days: " Days: ' Dayes © Dayus: . Days: .

’ o _and Sex 0 45 90 0 a% 90 0 45 80 0 45 oy 0 45 on
© 1 26 21 25 4 6 03 66 61 67 3 5 5 1 1 0
Soa2aM . 25 26 24.°6- 5 4. 65 63 66 4 6 .6 0 o 0 -

s 28 26 22707 4 6 6160 67 4 7. 5 0 0 0
Male Mean 26,3 27.3 23.6 5.6 . 5.0 4.3 64,0 61.3 66,7 3,7 6.0 5.3 0.3 0.3 0_

. 4F . 21 25 23 5 4 6 6z 63 63 6 3 3 ¢ 0 0

Lo BN 29 26 23 3 2 5 59 64 65 ¢ - 6 3 0'' 2 1

6P - 27 26 23 3 5 & 65 63 - 66 5 6 5 0 0 .0
Femile Mean 27,7 25.7 23.0 3.7 3.7 5.7 _ 62,0 63,3 67.3 6.7 6.7 3.7 0. _ 0.7_0.3
GroupMoun  27.0 26,5 23,3 4.6 4.4 5.0 63,0 62.3 67.0 5.2 6.4 4,5 0.2 0.5 0.2

,/

210 |



/ ! 3 ) A
! Y . g , . :
D 3 D D
. ; PALLE XV
S " o Difforentin) Lechoeyte Cownt e o o '
k Tesi Group 11
N '
: .
: Number of Cclls per Tiandved . S
' L Lymphocyies! Monocytes Neutrophils  DBozinophils - Dacophils
. Dog Muraber Days:  § Laya: | Ligyr st O Daysr . o Doy C
T and Sey 0 45 90 0 45 90 ¢ 5 90 G %5 S0 0 45 90 -

1

v 27 2620 7 % 7T 61 61 67T 5 6 50 0 0

w1 .

2-M. 20 27 25 . 8 8 TN 58 (2 4 6 5 0 0 -0

3.4 24 13 26 76 ¢4 74 5 2 0 __ 0

161§
o
les
-
N

h‘fﬂlﬁ}"’.&.’\}l ‘ ;:3. (5 230,'{ ;:‘1. 0 6- 3 70 u 6. ? 6‘:. G 6‘4.. 0 6{:.3 503 !s; 3 50 (} (;. 7 00 (.‘ (.). 0

© e

- =S - - saom wm

W
~3
<
<

¥ 24 23 22 6 T 4 65 67 65 5 1

5.F - 25 22 .26 S5 7 -3 65 69 63 4 -2 7 0-'pg )

6-F " 25 20 24 7 5 -2 63 62 66 5 5 a. 0. 2 0

Fernols Moon 24,7 21,7 24,0 6.0 6.2 3.0 64,7 65,0 _65.0 4.7 3.3 7.3 0.0 0.7_0,7

ot = R

GroupMean 24,2 22.7 24,0 6.2 6,7 4.9 . 64.¢ 65,0 64,7 5.0 4,32 6.2 0.4 0.4 0.4

o
(_'\

210
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S R
CoTABLB XYL .

L Differential I..-cul:my.m Coust

Test Group IIL

b
K : - Numbor of Cellz pes Duudzed L S
S Lymphocytes, Monocytes Neutrophils Boginophils Basophila

Doy Number Dayo: . D Daye: ‘ Dayst Layas: 7
AudGex 0 45 90 0 45 9G 0 45 90 0 47 L 0 <h . O
1-M 17 26 22 71 6 4 73 63 10 3 4 4 0 1 0
2uW 33 28 22 .4 4 s 6y 66 63 © a2 5 2 0 0

26 - 26 26 2 3 2 69 64 69 4 7 .3 0 .0 Q0

67.7 64.3-69.0 2.3 4.3 4

~N
(3
L]

-3
N
3
»

w
S
a

w

¥ 20 2¢ 1 6 -8 2 63 62 1. 4 5 0 2 1
5-X 19 21 22 5 -7 & 70 60 4 2 .9 10 1
6-F 23 18 23 & 3 1 65 -7y 624 8 9 1 0 1

'ch.«.[.r: Ifean

22.7 _19.7 70.0 &

N
N
*

1724
(&
*

“w
192
-

W

Croep Mean

67.2

~
~N
L ]
[e)
L

L 3
<
N
L )
m N
oY
[ )
-~
o
L%
E 3
o

23.3 23.2

L?
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| - ——— ey e e e o, me e - g ——
B * —~ * ’ (‘;, R
D . b d) v
’ ) TALLG NI . o -
; Urine Analyavs _ ’
v S Redueing Subrstances Hlburain Micvosenpie wlmweds o
. Doy Mumber Doys: Yioya: - Boayas o
Group and Sest 0 45__ OO 0 45 00 0 AN G0
* l "}Ji -~ - - - - - .'. - -
B z-I‘A ’ - - - - - - - :: - -
COI'!'J.‘ROIJ < 3 "hd - - .- - -~ - ' - ',. - - ’
4-1 - + - - ¥ - 4+ + -
. 5-1“ - ) - . - - - - - - )
. 6-F - - - - - - - - -
. 2-1\4 - H - L + . - - - - - .
I ' . ’ 3 "}-4 Lol - - - ’ - -.t' - - - - -
) 4T - N -~ - - - 3 - -
¥ - + - - - - - % | - _
. 6-1? L_J - - - ~. - L L2 - l‘.\
. - \Q‘
- = nugative '
= very slight amounts



T RABLE XV (Continged) o
5 Urine Analyses T

—tawm - - st g 8 e el
A

| T Redueing dubsionces COlbuzein . MEleroseconic Vierounts

, ‘ Dog Number ™ = Days: Days: S - Days: o o
Grony and Sex SR I LT ¢ a5 en 0 a5 g0, I

. 1ems - - . - e - e
Fo : . ~
It - 3-M B R I -~ =
4T L T ct
c 5.F ° 5: -.. - '-. - -. - 4 - s '
' 6-T V. - .. - o - - - - )
1-M Weoo- .- .; - - G i * .“ -
. - o 3-M .E -.. “ :}. - - . ) SR | S . . ]
s ‘ L L T .

1
’
'
0€<

- = negative . ; ‘ , . . :

210 |

+ = very slight amounts
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_ 2,762,709
TREATING METHOD FOR POTATOES

‘Martin A. Jaris, Maumee, and Ernest G. Bremforder,
- Toledo, Ohia, assigners to KHuchmaonn Focds, Inc,
‘Foledo, Ohio, a cerporation of Ohio

* Application May 18, 1953, Serial No. 356,062
6 Claims. (Cl. 99—100)

This invention relates to a treating method for potatoes
and, more pariicularly, to a method especially suited for
the treatment prior to frving of potatces to prevent or

".minimize caramelizing during frving.

The problem of discoloration of potatoes in the course

. of deep fat frying has been encountered for a considerable

.brown color in notatoes.

period of time, and numerous attempts have been made
to avoid this difficulty.

Duricg storagze of potatces a chemical or enzymatic
reaction occurs in the coursz of which starch in potatoes
is converted to reducing sugars. Potatoes stored at ex-
tremely low temperatures, for example near 40° F., show
a pradual increase in reducing sugar content. Accord-
ingly, potoatoes stored at such low {emperatures for con-
siderable periods of time have a substantial reducing sugar
content. It has been demonstraied that such reducing
sugar “caramelizes” when the potatocs are fried, and that
such caramelizing is responsible for a relatively dark
Such dark brown or “caramel-
ized” cooked potato products have a taste that has been
censidered unpleasant by consumers of potato products.
Furthermore, the industries that supply deep fat fried po-
tato products such 2s potate chips, julienne potatoes, and
the like, bave built trade acceptance on a light golden-

rown color. Accordingly, consumers and distributors

- yefuse deep fat fried potato preducts having the dark

brown color characteristic of caramelization solely be-

- cause of the color, and quite apart from any objectionable

taste.

If potatoes are stored at only a moderately low tem-
perature, in such manner that air is free to circulate
around the potatoes, and under controlled humidity con-
ditions, the reducing sugar content of potatoes can be
Jowered somewhat. Apparently, under such conditions,
sugar is consumed in the potatoes by enzymatic or me-
tzbollic reactions at a rate faster than it is produced by
chemical or enzymatic reactions. Accordingly, potato
chip manufacturers, for example, have developed the
practice of careful storage of potato stocks to control the
sugar conient therein. Such procedure is usually satis-
factory, and enables manufacturers to produce and mar-
ket potato chips and similar products of a uniform
golden-brown color. However. with potatoes of some

“types such aging techniques are relatively unsaisfactory,

and, when a manufzcturer’s supply of cured potatoes is
exhausted it is sometimes necessary for him to replace

his raw potato stocks from the open market. Frequently,

Potalees available on the open market have been stored
at extremely low temperatures with the result that the
Sugar content thereof is so high that it is impractical or
impossible, by subsequent curing, to produce uncaramel-
1{£d. deep fat fried potato products. For example, during
times of poiato shortages various manufacturers have
fou.nd themselves confronted with the choice of closing
their plants or using polatocs having such a hich content
of reducing sugar that only caramelized deep fat fried
products can be produced.

2

In addition to the curing processes discussed above,

) various attempts have been made to control the reducing

10

sugar content of potatoes by different manipulative op-
erations. For example, the use of a hot alkaline earth
salt solution has been suggested as a leaching bath for
removing reducing sugars from potatoes; the claim is
made for the use of such bath that it removes the sunars
without any deletericus effect upon the taste of the finished
product, but this claim has not been substantiated in prac-
tice. In addition, the use of dilutc solttions of such

. acids as hydrochloric, acetic, lactic, and others; scdium
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bisulphite solutions and similar leaching baths have also
been suggested. However, although highly satisfactory
results from the standpoint of color control of the finished
product have becn achieved, none of the processes here-
tofore sugpgested, so far as is known, has had any com-
mercial acceptance because each of such processes im-
parts a noticeable and undesirable taste to fried potatoes,
particularly to deep fat fried potatoes.

Attempts to remove reducirg sugars from potatoes
with hot water, alone, have also been reported. For
example, U. S. Patent 2,418.519 suggests a blanching
tank in which water is heated by steam coils, and through
which, beneath the water level, potato slices are moved
on-a conveyor. A pump is provided to withdraw heated
water from one end of the blanching tank and to supply
this water to the other end thereof and thercby to cause
a flow of water in the tank in the direction of potato
slice movement therethrough.., We have experimented
with a treating process substantially identical with that
suggesied by this patent, and also with one where fresh
water was continuously admixed with the blanching water
and the temperature maintained by steam ccils positioned
in the blanching water, and have found that carameliza-
tion upon deep fat frving may be substantially decreased
by treating potato slices in either of these ways; however,
such processes are without commercial applicaticn be-
cause the potato slices, after deep fat frving, have an “off™
or “fishy” taste which renders them unsalable.

Similarly, U. S. Patent 2,448,152 reports attempts {o
control caramelization upon deep fat frying by trestment
of potato slices with “plain hot water.” The patent
states (column 3, lines 31 et seq.):

“These resulted in removing some of the browning re-
actants but also resulted in dissclving out a porticn of the

pectic substances with a resulting destruction of fiavor..

A lower temperature with plain water had no apparent
result on removal of the browning reactants and zn in-
crease in time and temperature resulted in ‘cocked’ taste
which was not desirable in the resulting chips.”

This report seems to indicate that tes:s consisting of
treatment for an undiscloscd time in water at three un-
stated temperatures of potato slices failed to develop a
satisfactory hot water treatment for potato slices.

Further, an article by Whiteman in Potato Chipper,
vol. 11, No. 3. October 1951, pages 24, 26, 28. 30 and
32, reports work on hot water treatment of potaio slices.
The experimental procedure employed is summarized on
page 28, column 1, lines 18, et seq., as follows:

“Table 1 shows that potato slices soaked for 1 minute

“in tap water at 145° F. produced chips of a better color

than those, wushed for a few seconds in tap water at
50° to 60°. The hot water treatment is used commercially
to some extent.”

By reference to Table 1 it is ascertained that in only
one of the tests did such treatment of potato slices for
one minute in water at a temperature of 145° F. result
inla product that could be deep fat fried fo an acceptable
color.

The only suggestion in any of these three specifically
identificd references of a commercial process for subject-

ing potato slices to a hot water treatment is that from



Patent 2,418,519, which is not satisfactory because of the
“off* aor “fishy™ taste, after frying, which results there-
from. ' .

So far as is known, no suggested way of removing
reducing sugars which undergo the described caramelizing
in the course of decp. fat frying (aside from the curing
processes on the' whole, unpeeled, potatoes) has hereto.
fore been commercially acceptable. Therefore, in order
to produce marketable foodstu(fs manufacturers of deep
fat fried potato products have been required to arrange,
in some way, that the raw potatoes, prior to peeling, have
& sugar content within the range in which caramelizing
does not occur. If a given supply of potatoes had an
excess of sugar which could not be removed by the de-
scribed curing process, manufacturers have been unable
to produce satisfactory products from that supply.

The present invention is based upon the discovery of a
nével vay for removing reducing sugars from potatoes,
according to a process that has no deleterious effzct upon
the taste of foodstuffs made from such potatoes.

It is therefore an object of the invention to provide a
method for treating potatoes to lower the reducing sugar
content thereof to a point where deep fat frying is possible
without objectionable caramelizing, and whereby no un-
desirable taste is imparted to the potatoes.

Other objects and advantages will be apparent from the
description which follows, and from the attached draw-
ings, in which: ,

Fig. 1 is a schematic flow diagram representing pre-
ferred conditions for practicing the novel method of the
invention; and

Fig. 2 is a plot showing time-temperature relationships
for satisfactory treatment of potatoes according to the
invention.

According to the invention a method for treating potato
slices to prevent caramelizing during subsequent deep
fat frying is provided. The method of the invention
comprises passing potato slices through and from a treat-
ing zone containing hot blanching water at a temperature
from about 1435° F. to about 160° F. at a rate such that
the time of coatact between the slices and the blanching
water is for from about 1% minutes to about 8§ minutes.
Fresh hot water is admixed with the blanching water at
a rate of at least 14 gallon per hour per pound of potato
slices passed through the treating zone which rate is
sufficient to maintain the latter at a temperature such
that this temperature and the time of contact between the
slices and the blanching water are represented by a point
within the shaded portion of Fig. 2 of the drawings.
Blanching water tailings are withdrawn from the treating
Zone at approximately the rate that fresh water is added
thereto.

Certain experimentally observed facts suggest a thao-
retical explanaiion as to why the method of the invention
is effective for preventing or minimizing carameslization
upon subsequent deep fat frying of potato slices but
avoids the “off” or cooked tasie heretofore encountered.
These facts and the theocetical explapation are here
Presented solely for the purpose of further illustrating and
disclosing the inveation, and are in RO way to be con-
strued as limitations thereupon.

It-has been observed that blanching of potato slices

“can be accomplished jn water heated by stcam coils sub-
stantially as disclosed in U. S. Patent 2,418,519, but that
the blanched potato slices, after deep fat frying,
an “off” or fishy tasle, as previously discussed. The dis-
covery of the method of the invention sugoests that the
“off” or fishy taste js attributable to chemical or enzy-
matic rcaction involving inzredicnts leached from the
potato slices, which reaction ozcurs at the temperature
of the stcam coils. Accordingly, the method of the in-
vealion avoids such “off” or fishy taste by admixing fresh
hot water, preferably continuously, with the blanching
water and’ withdrawing blunching water tailings at ap-
proximately the rate that fresh water is so admixed. Such

ave .
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admixture of fresh hot water is believed to avoid -the
“off” or fishy taste by climinating the nced for stcam coils
around which such chemical or enzymatic reaction as
aforesaid seems to occur. Thus for example, when
blanching water was maintained at about 153° F, by ad-
mixing therewith fresh hot’ waler at a temperature of
about 200° F. and at a rate of approximately ¥ gallen per
hour per gallon of blanching water, no off or fishy taste
was imparted .to potato slices treated therein at a rate
of about 2 pounds per hour per gallon of blanching water
(see Example 1). '

It has been found experimentally. that blanching water
temperatures above about 160° F. or below about §145°
F. are unsatisfactory for practicing the methed of the
invention. It is known that when potato slices are im-
mersed in hot water both a leaching action and a cooking
action occur. Presumably, the rate of each of these
actions is some direct function of temperature, so that
each occurs at a faster rate at a higher temperature. The
saching action may remove- reducing sugars, assumed
herein to be responsible for caramelization, or desirable
potato constituents, or both; the cooking and the latter
leaching action impair the taste of deep fat fried potato
products. In-this connection, we have observed that a
four minute immersion, a ten minute immersion, or.a
twelve minute immersion of potato slices in blanching
water at a temperature of about 135° F. has no appreciable
effect on caramelization on subszquent decep fat frying.
However, some impairment of flavor in potato chips
produced from slices treated even for ten minutes in
water at about 135° ¥, was noted, Likewise, either a
28 second immersion in blanching water at a temperature
of about 190° F. or 5 s¢ sccond immersiun at about
175° F. has no appreciable effect on caramelization, but
results in ejther cooking or removal of desirable sub-
stances to such extent that the flavor of the slices, after
frying, is impaired.,

The experimental facts set forth in the foregoing para-
graph arc belizved to indicate that blanching water at a
temperature of about 135° F. js unsatisfuactery for treat-
ing potato slices according to the invention because at
such temperature removal of reducing sugars is at so low
a rate that cither cooking or removal of desirable potato
constituents, probably the latter, is the predominsting ac-
tion. As a consequence, it is impossible appreciably to
effect caramelization by treating potatoes in water at such
temperature without also producing a product that has
been made loss palatable by such treatment, Similarly,
blanching water at a temperature of 175° F. or 190° F.
is unsatisfactory because either cooking or removal of da.
sirable potato constituents, probably the former, proceeds
at so high a rate as to be the predominating action. Therec-
fore, it is believed that when potato slices are treated in
blanching water at a temperature lower than about 145°
F. lcaching of desirable constitusnts is the predominzting
action over cooking and leaching of reducing sugurs.
When potato slices are treated in blanching water at o
temperature higher than akout 160° F. cooking is Selieved
to be the predominating action, over leaching either of
reducing sugars or of desirable potato constituents. Ac-
cordingly, treating of potato slices by the invention io
prevent caramelization upon subsequent deep fat fryins
without appreciable impairment of flavor must be in walor
at a temperature from about 145° F. to about 160° I~
Also, as previously stated, fresh hot water must be ad-
mixed with ths blanching watcr to muaintain such ter-
perature, and blanching water tailings must be withndsawn,
in order to avoid an off or fishy taste.

Referring now more particularly to the drawings. a
preferred embodimeat of the inveation is represented in
Fig. 1 which shows a treating zone coatzining a volume
of water at a temperature from about 150° F. to akouy
160° F., and shows the fiow of potito slices to and from
the treating zone, of fresh hot water to the treating zone,
and of blaaching water tailings from the treating zona,
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3t will be apparent that the rate at which undesirable
constituents increase in conceniration in a volume of
lanching water at 2 giy.:n teiperature .d.epcnds upon !.hc
gate &t which potato slices are u.-ea-ted in such blanching
watcr, end the volume of blanching water employed. As
a practical matter it is vsually preferred that the volume
of bianching water amount to at leas_t about ¥4 gallon
per pound per hour of potato slices being treated. When
asing such a volume of blanching water it has been found
that undesirable build up of materials leached from po-
R aato slices can be avoided by mixing fresh water with the

blanching water at a rate of at least about.l/;o gallon
per hour per pound per hour of potato slices being treated.
Preferably, the volume of blanching water is from .’/5
10 3 gpallons per pound per hour of potato slices being
greated. and the rate at which fresh water is admixed
. therewith is from ¥% to 1 gallon per hour per pound of
- potato slices per hour being treated.

“These relationships are all represented on Fig. 1 of the
. drzwings, which show a blanching water temperature
from about 150° F. to about 160° F., and a preferred
residence time of potato slices in the treating zone of from
about 2 minutes to about 3 and ¥2 minutes. Under gen-
erally these operating conditions it has been found that
if the temperature of the fresh water being added to the
treating zope is about 200° F. the blanching water tem-
perzture can be maintained within the desired range sole-
3y by additions of such fresh hot water, and at approxi-
“maetely ¥5 the rate in gallens per hour that potato slices

ir pounds per hour are being treated.
- . Referring now more particularly to Fig. 2, the relative-
‘By narrow range of blanching water temperatures, related
_ "o times of treatment, operable for treating potato slices
azcording 1o the invention is represented by the shaded
portion thereof. It will be noted by reference to Fig. 2
that {emperatures above zbout 160° F., or balow about
——"148* F. are not satisfactory for treating potatoes accord-
. ing to the invention, and even that temperatures between
n sbout i45° F. and about 160° F. 2re not suitable for such

. . trestment unless the time of contact between the blanch-

- ing water and the potato slices is controlled within the
- proper limits.  For example, at a blanching water tem-
.. pereture of about 160° F. treatment according to the
-.-- invention can be accomplished at contact times ranging
- from about 134 minutes to about 4 minutes, while at a
- - blanching water temperature of about 150° F. contact
- - times ranging from about 2 minutes to about 4154 minutes
— &re operable, and at blanching water temperatures of
. <~ sbout 145° F. contact times ranging from about 5 minutes
- - %0 about 8 minutes are operable, As has been discussed
=< above, undesirable actions predominate (cooking or
J_nl:hing of desirable potato constituents) when blanch-
- ~Ahg water temperatures and contact times appreciably
- -outside the range indicated in Fig. 2 are employed.
~ Although, as indicated in the preceding paragraph,

O

. e satsfactory treatment of potato slices according to the

invention can be accomplished at temperatures between
“about 145° F. and about 150° F., some relatively slight
and usually inconszquential impairment of flavor may re-
&1 in this temperature range even at the treating times
todicated at Fig. 2. Accordingly, it is usuvally preferred
that the blanching water temperature be maintained be-
. Wween about 150° F. and about 160° F., and that the treat-
28 ume be within the range indicated for operation at
suzh temperatures in Fig. 2. Most desirably, the blanch-
o3 water temperature is from about 150° F. to about
160* F., and the contact time is from about 2 minutes to
lbopt_.’;»& minutes. For oplimum operation with most
Vaneties of potatoes the blanching water temperature
taould be from about 150° F. to about 160° F., and the
"&u_ng time should be from about 2% minutes 1o about
Rinutes. Under the most preferred and optimum
°P=ramng‘ conditions maximum leaching of reducing
Sugars with minimal, if any, removal of desired con-
$Wuents js accomplished. No deterioration in flavor of

O
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potato chips, for examgle, fried from potato slices treated
according to the most preferred or optimum conditions
is detectable.

The precise relationships between blanching water tem-
peraturc and treating time most advantageous for a par-
ticular lot of potatoes depends upon the potato variety,
the type of soil in which it was grown, the length of time
the particular lot of potatoes has been stored, and the
storage temperatures. The precisc treating conditions
1o be used with a given lot of potatoes should be deter-
mined in advance of treatment by running a sample
therefrom at a given temperature and contact time and
determining whether too much or too little leaching of
reducing sugars has occurred. Suitable adjustments in
contact time or blanching water temperature can then be
made so that potato slices from that lot of potatoes, after
deep fat frying, will have the desired color. In deter-
mining the treating time and the blanching water temper-
ature to"be used, it shotld be borne in mind that opera-
tion outside the ranges represented by Fig. 2 of the draw-
ings will result in scme impairment of the flavor of the
potato products, as a result either of cooking or undesired
leaching in the course of the treating operation. Ac-
cordingly, curing of a given lot of potatoes to lower the
reducing sugar content, as hereinbefore discussed, is pref-
erable to treating such potato slices at a temperature
above about 160° F., or for a time longer, at a given tem-
perature, than represented as satisfactery for such tem-
perature according to Fig. 2 of the drawings.

It has been found experimentally that grease retention
in, for example, potato chips produced by deep fat frying
of potato slices treated according to the invention can be
controlled within certain limits by varying a subsequent
operation. It is custemary in processing potato slices
preparatory to deep fat frying to subject such slices to
the action of water sprays just before introduction there-
of into the fat. Tt has been found that by spraying rela-
tively cold water, for example water directly from a main
at a temperature of about 40° F., over pctato slices
treated according to the invention a treated potato slice
can be produced which has minimal retention of fat after
frying, for example about 33 per cent. However, if water

. at a temperature of about 185° F., for example, is sprayed

over such treated potato slices, just prior to deep fat fry-
ing, the resulting fried product has a substantially higher
residual fat content, for example in the vicinity of 36 per
cent. Accordingly, a further preferrcd embodiment of
the invention involves the spraying of water over potato
slices treated according to the invention, and regulation
of the temperature of the water so spraved in order to
coatro! within desired limits the retention of fat by such
slices in the course of frying.

The term “potato slices” is used herein, and in the
appended claims, to include all usual forms of slices, such
as those normally employed for producing potato chips,
julienre potatoes, shoestring potatoes, French fried pota-
toes, and the like.

The following example is presented solely for the pur-
pose of further illusirating and disclosing the method of
the invention and is not in any way to be construed as a
limitation thereon.

Example 1

Potato slices were: treated 1o prevent” caramielization
upon subsequent deep fat frying according to the follow-
ing procedure:

A blanching tank having a capacity of approximately
1600 gallons was provided with a substantially horizon-
tal conveyor running generally parallel to the bottom
thercof. The blunching tank was also provided with a lift
conveyor for receiving potato slices at the discharge end
of the generally horizontal conveyor, and for lifting them
from the blanching tank. A charge of approximately
1150 gallons of water at a temperature of about 153" F.
was added to the tlanching tank, and a fiow of fresh hot
water at a tempcrature of about 210° F. into the tank at a

Luro.
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rate of approximately 500 gallons per hour was started.
Removal of water from the tank at a rate of approxi-
mately 500 gallons per hour was initiated, Movement of
the horizontal conveyor and of the lifting conveyor were
then started, and the rate of travel adjusted to provids
for potato slices a residence time in the blanching tank
of approximately 165 seconds. Potato slices at a rate

" . of approximately 2300 pounds per hour were then intro-

duoced into the blanching tank, deposited upon the gen-
erally horizontal conveyor, and moved thereby through
the blanching tank and onto the lifting conveyor by which
they were removed from the blanching tank. Potato slices
on the lifting conveyor were sprayed with water at a
temperature of about 40° F., were blasted with com-
pressed zir to remove excess water, and then were directly
admitted to a deep fat frying vat. Potato slices were
contiruously treated in this manner for approximately a

10" hour period ‘of time, during which pericd the rate”of

flow of fresh hot water into the blanching tank was pe-
riodically adjusted to maintain the temperature of the
blanching water thercin at approximately 153° F., and the
rate of withdrawal of tailings from the blanching tank was
adjusted to maintain approx:mately coanstant the volume
of water ccntained in the tank. Different varicties of
potatoes were treated according to this method, and in
every instance it was found that edible products having
no “off” or undesirable taste were produced in the course
of the deep fat frying operation.

For purposes of comparison, but not in accordance with
the invention, samples of potato slices from various lots
and varieties of potatoes were washed in cold water and
then deep fat fried; in every such instance it was found
that caramelization upon deep fat frying was substantial-
ly greater with potato slices washed in cold water as com-
pared with potato slices treated with hot water according
to the iavention as sct forth in the preceding paragraph.

It wili be apparent that the invention is not limited to
the specific embodiments described, and illustrated in the
appendad drawings, as various chapges and modifica-
tions can be made without departing from the spirit of
the claims.

This application is a continuation-in-part of applica-
tion Szrial No. 288,194, filed May 16, 1952 now aban-
doned. ___

Havmg described the invention, we claim:

1. A method for treating potato slices to prevent cara-
melization during subsequent dzep fat frying that com-
prises passing potato slices through and from a treating
zone containing hot blanching water at a temperature
from about 150°
the time of contact between the slices and the blanching
water is for from about 2%z minutes to about 3 minutes,
admixing fresh hot water at a temparature at J2ast about
200° F. with the blanching water at a rate sufficient to
maintain the laiter at a temperature within the indicated
range, and withdrawing blanching water tailinzs from the
treating zone at approximately the rate that fresh hot
water is admixed with the blanching water thersin.

2. A method for treating potato slices to prevent cara-
melization durinz subscquent deep fat frying that com-
prises p'!ssmo potato sliczs through and from a treating
zone containing hot blanching water at a temperature
from about 150° F. to about 160° F. at a rate such that
the timz of contact between the slices and the blanchinz
water is for from about 2 minutes to about 34 niinutes,
admixing fresh hot water at a tempsrature at least about
200° F. with the blanching water at a rate sufiicient to
maintain the latter at a temperature within the indicated
range, and withdrawing blanching water tzilings from the
treating zene at approximately the rate that fresh hot
water is admixed with the blanching water therein,

3. A mcthod for treating potato slices 1o prevent cara-

. melization during subsequent de2p fat frying that com-

prises passing potato slices through and {rom a treating
zone containing hot blanching water at a temperature

. to about 160° F. at a rate. such that ;
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from about 145° F. to about 160° F., at a rate such that
the time of contact between the slices and the blanching
watcr is for from about 1¥2 minutes to about 8 minutss,
admixing fresh hot water at a temperature substantially
above 160° F. with the blanching water at a rate suffi-
cient to maintain the latter at a temperature such that
this temperature and the time of contact batween the
slices and ths blanching water are between 14 minutes
and 4 minutes when the blanching water temperature is
160° F., betweén 2 minutes and 42 minutes when the
blanching watsr temperature is 150° F., and between 5
minutes and 8 minutes when the blanching water tem-
perature is 145° F. and withdrawing blaaching water
tailings from the trea(ing zons at approximately the rate
that fresh hot water is admixed with the b]anchmg water

‘therein.

4. A method for treating potato slices to prev*nt cara-
melization durmg subsequent deep fat fryiag that com-
prises passmn potato slices through and from a treating
zone coniaining, per pound of potato slices per hour
passed therethrough, at least about 15 gallon of hot
blanching water at a temperature from about 150° F.
to about 160° F.; th2 rate of travel of slices through the
treating zone being such that the time of contact between
the slices and the blanching water is for frcm about 1V3
minutes to about 4 minufes, admixing fresh water at a
temperature substantially above 160° F. with the blanch-
ing water at a rate of at least about ¥& gallon per hour
per pound of potato slices per hour passed through the
treating zone suificient to maintain the latter at a tem-
perature such that this temperature and the time of con-
tact between the slices and the blanching water are be-
tween 1%2 minutes and 4 minutes when the blanching
water temperature is 160°
4Y4 minutes when the blanching water tempsrature is
150° -F.,  and between 5 minutes and 8 minutes whzn
the blanching water temperatiure is 145° F., and with-
drawing blanching water tailings from the tresating zone
at approximately the rate that fresh water is admixed
with the blanching water therein.

5. A method for treating potato slices to prevent cara-
melization during subsaquent deep fat frying that com-
prises passing potato slices through and from a treating
zone containing, per pound of potato slices per hour
passed therethrough. at least about 149 g2llon of het
blanching water at a temperature from about 145° F.
to about 160° F
treating zone bﬂmo such that the time of contact between
the slices and the blanching water is for from about 1%2
minutes to about 8 minutes, admixing fresh water at a

F., between 2 minutes and .

, the rate of travel of slices through the -

temperature of at least 160° F. with the blanching water -

at a rate of at least about o galion per hour per pound
of potato slices par hour passed through ths
zone sufficient to maintain the latter at a tempercture
such that this tempsrature and the time of contact be-
tween the slices and ithe blanching water 2re hetween 11432
and 4 minutes whea the blanching water tzmperature is
160° F., between 2 miinutes and 4%2 minutes when the
blanching water temperature is 150° F., and betwcen 3

minutes and 8§ minutes when the blanching water tem- -

perature is 145° F.. and withdrawing blanching water

tailings from the treating zons at approximutely the rate -

that fresh water is
therein.

6. In a msthod for trou
melization dvring subszquent deep fat frying that com-
priscs passing
(cone coataining blanching water at a predetenmined em-

admixed with the bianching water

treating -

ting potato slices to prevent cara- -

potato slices through and from a treating -

perature above room temparature, the improvemsut whica -
comprises admixine fresh hot woter with the blanching .

water at a_rate sufiicient to maintain the latter at the

predetermined temperature, acd withdrawing blanchio?

water tailings from the treating zone at approximately the
\

é
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rafe that fresh hot water is adrﬁixcd with the blanching

water therein.
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<€ 7 NETHODOLOGY OF TESTING FOR CARAMEL

A, Joszt & S. Molinski

Many processes may-be found in the literature concerning testing
for and determination of the content of so-called sugar-color (caramel);
a few are being widely applied. Thpugh execution of said methods or
reactions is not a2lways fully specified, we shall be compiling the

- pertinent bibilography. (1). | '

Said reactions rest on the testing of diverse food samples with
additives of commercial sugar-dye or caramel manufactured by the
writers themselves. The latter substances however not being uniformly
determined and indubitably representing mixtures of several substances,
it seemed appropriate to check the methods reléting thereto, -
particularly for caramel substonces caramelane, caramelene and cara-
meline, which we obtained according to the Careful method of wvacuum
distillation of A, Pictet and N. Andrianoff (2) Though we did not ~

\,(ai succeed in obtaining by this mebhod chemically uwniform substznces as
was reported elsevhere (3), one must nevertheless consider the above
preparations as more suitable than sugar-dye or other substances
for = critical comparison of diverse methods of testing for the presence

- of caramel, as concerns caramel preparations obtained at normal
pressure. We also felt that closer examination .into the caramel reactiore
was appropriate, there being references in the literature that only
partly characterize such methods, or not at all as concerns practical
use. In LUNGE-BZRL's Handbook (4), for'instance, one finds, "Sugor-dye,
which occasionally is used for coloring beer, so far could not be
reliably tested for". H. Hastbaum's work (5) questions the applica-

' pility of A. Jaegerschmidt's method, also that qf C. Amthor's for
testing of sweet wines. 'Je considered our ovn research in this resnect
the more approoriate Since H, Simmich (6) assumes the presence of
caramelane and caremelene according to Pictet-CGelis and of carameline
according to Gelis (7) in commercial sugar-dyes either in'thg free ..

(.Qs state or in an ammonia conmpound. |
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VE wanted therefore 1o achieve a differentiation between these
~reactions concerning the above caramel components and also for the
- “acuum distillation producis obtained during caramelisation. We there-
Tore investigated the methods used by A. JAEGERSCHMIDT, C. AMNTHOR
| V. GRIESSMAYER. (with L.AUBRY's modification), .G. LICHTHARDT, M.N.’FRADISS
C, CRALPTON & T, SIIIONS, A, STRAUB, J. NESSLER (with modification a;cof-g

ding to P, CARLES), also the reéction i
_ , S according to A. IHL an AL~
CALHAES . ¢ and A, MAL

 EXPERIMENTS

-

The precise extraction proCeés for the caréﬁél products used by us
is indicated elsewhere (8). WE shall only state here that the products
were obtained from the purest refined sugar (melting point 183.30,
reducing capacity 5 mg Cu fronm 100 mg sugar when using the Bertrand
process, 0.009% ash content) by means of vacuum heating at 187.5 -
189.5°C and 2-7 mm Hg.

For a 10% and 2075 loss in weight of the above saccharose, we obtained
: gﬁin this fashion the caramelane and caramelene of Gelis-Pictet-Andrianov
| (9), such products being.designated by A and B. An analogue of

the Gelis carameline, designated by C, was obtained from the initial

sugar with a weight loss of 25%, Besides the ébove caramel substances,

we collected a volatile condensate in the cocled collector during that

~

distillation proc_ess, a yellow-brovn substance designated as D and
characteristically smelling somewhat like benzaldehyde. Further exami-
nation into the chemical nature of this distillate has been published
elsewhere (8). ‘ _ .

Some of the properties concerning the products A-D have been listed
in table 1. "In part the figures in that table derive from other
sources. ' '

o e
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) - "~ able 1
:Preparation water aéhﬁu organic melting water- proportion
% % dry subst. point . soluble soluble in
range pr%port. me;hyl-alcohol
A "0;564 0.08 99.36 905110°C 100 . 98.64
B 0.457 0.12 99,42 120-140 98,.8-99.4 44.16
D 27.60 .0 72.40  liquid 100 100

We used further a liquid sugar-dye from t